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THIS ISSUE BINDER IS INTENDED TO PROVIDE A BASIC, 
COMPREHENSIVE REVIEW OF THE SCIENTIFIC LITERATURE 
REGARDING A SPECIFIC TOPIC ON ETS AND THE HEALTH OF 
NONSMOKERS. 

PRIMARY STUDIES AND REVIEWS HAVE BEEN HIGHLIGHTED 
TO IDENTIFY (1) USEFUL OR HELPFUL INFORMATION (YELLOW 
HIGHLIGHT) AND (2) ADVERSE RESULTS OR OPINIONS (BLUE 
HIGHLIGHT). 
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ETS: A CHARACTERIZATION 


Environmental tobacco smoke (ETS) is an aged and dilute mixture 
of sidestream smoke (SS) , or the smoke from the burning end 
of the cigarette, and exhaled mainstream smoke (MS):, the smoke 
to which the smoker is exposed. 


ETS differs chemically and physically from both MS and SS. 
ETS is a dynamic, ever-changing mixture which, as it ages 
and dissipates, undergoes chemical reactions and physical 
change. There is no single definable. reproduciblv 
characterizable entity known as ETS . 


Dissipative forces such as air currents and attraction to 
surfaces influence SS and exhaled MS. Studies indicate that 
constituents in ETS are hundreds to thousands of times more 
dilute than either SS or MS. Often, concentrations of ETS 
constituents fall below detection limits of current scientific: 
measurement devices. 

As ETS ages, a number of physico-chemical changes take place. 
Matter evaporates from SS particles as they age to ETS. During 
the aging process, ETS particles coagulate and increase in 
size. Chemical compounds partition between the gas and 
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particle phase of the smoke. (For example, nicotine is found 1 
in the particle phase of MS; in fresh SS, most of the nicotine 
is in the gas phase.) Decay patterns for constituents of ETS 
vary over time andi are dependent upon physical conditions in 
the environment. 


ETS is not equivalent to either MS or SS . Many studies and 
reviews employ sidestream/mainstream smoke comparisons, 
ostensibly to demonstrate the kind and quantity of constituents 
involved in exposure to ETS. But such comparisons are 
deceptive and misleading. As two tobacco smoke chemists 
reported in 1990: 11 


Although ETS originates from sidestream and 
exhaled mainstream smoke, the great dilution 
and other changes which these smoke streams 
undergo as they form ETS make their properties 
significantly different from those of ETS. 
Thus, the sidestream/mainstream ratios quoted 
in Table 1 can be misleading if used out of 
context. The important question is not the 
ratio of sidestream/mainstream but rather what 
is the concentration of the constituent in the 
indoor environment and how does it compare to 
levels from sources other than ETS. Studies 
based solely on observations of fresh 
sidestream, or highly and unrealistically 
concentrated ETS, should take into account the 
possible differences between these smokes and 
ETS found in real-life situations. 
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Even the 1986 Report of the Surgeon General on ETS and the 
1986 NRC/NAS Report on ETS conceded: 


Comparison of the relative concentrations of 
various components of SS and MS smoke provides 
limited insights concerning the toxicological 
potential of ETS in comparison with active 
smoking. As described above, SS 
characteristics, as measured in a chamber, do 
not represent those of ETS, as inhaled by the 
non-smoker under nonexperimental conditions. 2 


Similarly, the NAS Report concluded: 


Because the physicochemical nature of ETS, MS, 
and SS differ, the extrapolation of health 
effects from studies of MS or of active smokers 
to nonsmokers exposed to ETS may not be 
appropriate . . . . 3 
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EXPOSURE TO ETS 


Published studies indicate that nonsmoker exposure to ETS under 
normal, everyday conditions is minimal. For example, 
researchers report that there is little difference in ambient 
levels of carbon monoxide in smoking and nonsmoking areas of 
workplaces and public places and in homes with and without 
smokers. 1-6 Other studies indicate that ETS contributes less 
than half of the total particles in the air of a typical public 
place. * 7 14 Nicotine is often used as a marker for ETS 


A paper published in a 1980 issue of Science magazine, in 
which the authors reported the results of their efforts to 
measure particles or particulates in the air of smoking andi 
nonsmoking areas, is often cited to support the claim that 
ETS is a major indoor pollutant. The authors. Repace andi 
Lowrey, contend that the levels of particles they observed in 
the smoking areas were much higher than in the nonsmokingi 
areas. However, their study results are inconsistent with 
many others. For example, the average particle count 
attributed to ETS in their study was from three to twenty 
times higher than the average levels reported in other studies 
of office buildings, restaurants and residences. 

There are a number of explanations for the authors* apparent 
overestimation of ETS exposure. First, they selectively 
sampled environments such as meeting and game rooms, bars and 
sandwich shops which did not represent normal occupancy 
conditions and where particulate levels would likely be high 
regardless of the presence or absence of tobacco smoke. 
Second, through inappropriate testing methods, they incorrectly 
assumed all particles in the air arose from ETS. However, as 
several researchers have noted, ETS typically contributes 
about one-third of the overall particle levels in indoor 
spaces. Moreover, particles also are generated by p eopl e and 
their everyday routine activities such as movement and cooking. 
(Repace, J. and A. Lowrey, "Indoor Air Pollution, Tobacco Smoke 
and Public Health," Science 208: 464-472, 1980.) 
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exposures because it is unique to tobacco smoke. Typical 
measurements of nicotine range from an exposure equivalent of 
1/100 to 1/1000 of one filter cigarette per hour. 15-22 This 
means that a nonsmoker would have to spend' from 100 to 1000 
hours in an office, restaurant or public place in order to be 
exposed to the nicotine equivalent of a single cigarette. 


Studies which have examined ETS constituent levels of 
nitrosamines, nitrogen oxides and volatile organic compounds 
(such as benzene**) report minimal contributions to overall 
ambient air levels in homes, the workplace and public 


places. 


23-36 


Benzene exposure^ gfrom ETS is negligible, despite reports to 
the contrary. “ "Automotive fuel is, by far, the largest, 
most pervasive source of benzene exposure. In 1989, the U.S. 
Department of Health and Human Services estimated that 1 
billion pounds of benzene were released into the atmosphere 
from the refueling and operation of approximately 130 million 
motor vehicles in 1976 [NIEHS, 1989). This translates into 
7.8 pounds of benzene per vehicle per year. In contrast, a 
pack-per-day smoker would generate approximately 0.006 pounds 
of benzene per year, assuming that, at most, 0.5 mg of benzene 
is generated from one cigarette (MS plus SS) [Hoffmann, 1990). 
Based on these estimates, an average person' is po tent ially 
exposed to 1,000 times more ambient benzene from one automobile 
than from a smoker in a given year." [From: Response of RJR, 
The U.S. EPA: "ETS: A Guide to Workplace Smoking Policies," 
October 1, 1990.) 
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Questionnaire Reliability: 


• All of the epidemiologic studies on the purported association 

between ETS exposure and disease in nonsmokers rely solely 

upon questionnaires about exposure, rather than upon actual 

39-4 1 

exposure data. Recent studies indicate that 

questionnaires are an unreliable and inaccurate measure of 
exposure. Questionnaire responses about exposure vary widely 

when compared with actual measurements of ETS constituents in 

. 41 

the ambient air. 

ETS and Radon: 

• A theory that suggests that concentrations of radon decay 

products increase in the presence of tobacco smoke, thus 

implying an increased risk of lung cancer for the nonsmoker, 

42—44 

has been reported in the literature. The theory suggests 

that radon decay products attach to particles (including ETS) 
in the air, remain suspended, and are subsequently taken up in 
the lungs of nonsmokers. 

• However, actual data indicate that this is not the case. 45-48 
It is the unattached, gaseous fraction' of radon' which' 
determines the dose of radiation to the respiratory" 1 tract. 
According to these data, as dust or particulate levels 
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increase, the unattached fraction of radon daughters will 
decrease . thereby lowering the potential dose of radiation to 
the lungs. 
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DETERMINATION OF DOSE: COTININE 


It has been reported that cotinine, a substance converted from 

nicotine by the body, can be used as a biological marker to 

1—2 

measure nonsmoker exposure to ETS. While some reports 

suggest that cotinine is a reliable marker for total exposure 

3 — 12 

to tobacco smoke, many others do not. Researchers have 

reported that individuals metabolize nicotine in different 

ways at different times and that elimination rates for cotinine 

vary among individuals. In addition, recent research indicates 

that diet may contribute to levels of nicotine and cotinine 

found in the body, thereby interfering with ambient air 

13 

exposure levels. Scientists have also noted that different 

methods of analysis may influence final recorded levels of 
. . 14 

cotinine. And finally, because cotinine is a metabolite of 
a gas-phase constituent of ETS, nicotine, cotinine levels do 
not represent exposures to other constituents of ETS. 


In conclusion, cotinine is not a reliable quantitative measure 
of ETS exposure . This is because body fluid levels of cotinine 
cannot be attributed solely to nicotine in ETS, and because 
body fluid levels of cotinine do not correlate well with actual 
ambient air exposures to ETS or with ETS constituents other 
than nicotine. At best, cotinine may be used as a qua1itative 
marker of ambient nicotine exposures. 
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DETERMINATION OF DOSE; LUNG RETENTION 


Cotinine is a biologically inactive substance which has not 

been correlated with ETS constituents retained in the lung. 

Several researchers have estimated levels of ETS particulate 

uptake by nonsmokers to approximate 0.02% (two-hundtredth of 

one percent) that of the particulate exposure of an active 
1—4 

smoker. 
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DETERMINATION OF DOSE: MUTAGENS 


Some reports have suggested that the potential toxicity of 
ETS can be assessed by measuring mutagens in the body fluids 
of nonsmokers exposed to ETS. 1 ” 3 Mutagens are substances 
capable of altering the genetic structure of cells. It is 
suggested that the presence of mutagens in body fluids (e.g. 
urine) may be an indication that an individual has been exposed 
to substances capable of inducing cancer. 

Impetus for the theory arises, in part, from studies which 
report that various constituents of ETS collected through 
airborne samples are capable of inducing mutations in 
bacteria. 4-6 

However, the significance of such reported findings has not 
been established. Virtually all air samples, whether in the 
presence or absence of smoking, are mutagenic. Indeed, no 
substance, including food and natural materials, has been 
unequivocally shown to be free of carcinogenic and/or 
mutagenic properties. In addition, it has been reported that 
sidestream smoke exhibits diminished mutagenic activity as it 
ages and becomes diluted (i.e., as it becomes ETS). 7 
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With few exceptions, studies which have compared mutagens in 
the body fluids of nonsmokers exposed to realistic levels of 
BTS and nonsmokers not exposed to ETS report no significant 
difference in mutagenic activity. 8-11 

The few studies reporting significant increases in urinary 
mutagenicity among individuals exposed to ETS 1 ” 3 did not employ 
realistic levels of exposure to ETS, and they did not control 
adequately for the presence of mutagens in the diet of the 
study subjects. 
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DOSE: OTHER BIOLOGICAL MARKERS 


It has been suggested that sidestream smoke (and by inference, 
ETS) contains polvcvclic aromatic hydrocarbons (PAH) . 
substances which have been designated as carcinogens by various 
governmental agencies. However, in a series of papers, German 
researchers report no significant differences in urinary PAH 
by-products among nonsmokers exposed to ETS and those not 

1 — 3 

exposed. Diet was reported to have a profound influence 
on PAH by-product formation in all study subjects. 

Japanese scientists have reported that individuals exposed to 
ETS have increased urinary levels of hvdroxvproline fHOPV . a 
substance believed to act as a marker for the breakdown of 
lung tissue. 4 However, German researchers have reported no 
increase in HOP excretion among either smokers or nonsmokers 
exposed to ETS. 5 

It has recently been suggested that DNA adducts can be utilized 
as biomarkers to assess exposure (dose) to ETS. 6 (An addhct 
is a product derived from reactions between chemicals and 
biological material (such as DNA)). Research, however, does 
not conclusively support this theory? nonsmokers exposed to 
ETS do not appear to exhibit increased DNA adduct production. 7 
Other studies report no increased chromosomal changes in body 
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fluids of nonsmokers exposed to ETS 
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BIOLOGICAL PLAUSIBILITY 


The argument for the biological plausibility of the role of ETS 
in disease causation depends upon the simplistic claim that 
since mainstream (MS) and sidestream (SS) smoke contain 
carcinogenic substances, so must ETS. However, this analogy 
is not proved. 

ETS has never been shown to be carcinogenic in any animal 
species. Only two animal inhalation experiments investigating 
ETS and lung cancer have been published. Both studies report 
no meaningful histopathological differences between animals 
exposed to ETS and those which were not exposed. In a study 
conducted by the American Health Foundation, the 
investigators exposed one group of hamsters to mainstream 
smoke and another group to ETS. Animals exposed to mainstream 
smoke and ETS lived longer than the sham treated controls. 
The investigators reported that overall there was no markedi 
increase in tumor incidence in animals exposed to either 
mainstream smoke or ETS after 18 months of exposure. The 
second study was a 90-dhy ETS inhalation study of rats and 
hamsters. 4 Animals were exposed to ETS concentrations 100 
times those concentrations encountered by nonsmokers. These 
researchers reported no histopathological differences - between 
exposed and control animals. Electron microscopy revealed 

- 24 - 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


O0T09CC202 



pulmonary changes which could be expected to occur under 
similar exposure conditions with other substances. 


In> addition, recent reviews of the literature on suspectedi 
pulmonary carcinogens have indicated that none of the 
individual., constituents in sidfestream smoke classified as 
potentially carcinogenic has been found to indtice pulmonary 
cancer via inhalation in experimental animals . 

ETS has not be shown to be mutagenic in any animal or cell 
culture system when tested at realistic levels of exposure 
(See Section III). 

These points undermine the credibility of the argument for 
the biological plausibility of ETS in disease causation. 
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j Abstract 

j This review examines the Question of whether exposure to environmental tobacco 
i smoke (ETS) can be assessed by extrapolation from active smoking. General 
ji problems associated with assessing exposure to ETS and the pathophysiological 
I consequences are discussed. Among the topics presented are the dynamic 
j chemical and physical characteristics of ETS and exposure assessment using: 
J airborne and i biological markers. The reported pathophysiological consequences 
1 of ETS exposure are examined in the context of dOse and exposure. The conclusion 
j is that it is extremely difficult, if not:impossible, to extrapolate from active smoking 
| to ETS exposure with any degree of reliability. 

r 

i 

! Key words: Environmental tobacco smoke, nicotine, cotinine. adducts, cancer, 
j nsk assessment, pathophysioiogy 


Introduction 

Tobacco smoke is an exceedingly complex 
matrix, consisting of several thousand 
constituents- As it is dispersed in the 
atmospnere. its chemical and physical 
complexity can be increased through 
reactions among its constituents and 
through evaporation, condensation, 
coagulation and aosorption or impaction 
on surfaces p] Tobacco smoke as it exists 
m the ambient environment '5 termed 
environmental tobacco smoke (ETS) and is 
cleariy a complex and dynamic material 
whose properties are influenced by num¬ 
erous factors. With recent concern that 
exposure to ETS may present a nealth 
hazaro to the non-smoker (2.3i, a numoer 
of nsk assessments have been published 


dealing principally with: the possible rela¬ 
tionship of ETS to mortality and lung 
cancer (4], Among several approaches 
used for ETS risk assessment has been the 
comparison between exposure to ETS and 
active smoking (6-8J. Inherent in such an 
approach is the assumption that ETS is a 
dilute form of mainstream smoke (MS) 
inhaled during active smoking, and that 
other than tne differences in concentra¬ 
tion. exposure conditions are similar. 
Considerable information exists concern¬ 
ing the properties of MS and the con¬ 
ditions of exposure during active smoking 
(9,10], in large part because material can 
be collected under reproducible con¬ 
ditions that simulate those to which the 
smoker is exposed. In contrast, die 
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dynamic nature of ETS precludes its 
characterisation and assessment of ex¬ 
posure to a degree of accuracy possible 
with mainstream smoke. 

Certain criteria must be considered in 
conducing a nsk assessment of ai material 
[11J. Three of these involve consideration 
of composition and exposure: 

1. A hazard identification, in which it is 
determined whether a particular sub¬ 
stance is causaily linked to specific 
health effects. 

2. An exposure assessment in which the 
extent humans are exposed to the 
material has been determined. 

3. A dose-response assessment, in which 
the amount of exposure to the mat¬ 
erial and the probability of occurrence 
of the specific health effects have been 
determined, ft is the purpose of this 
article to examine the question of 
whether exposure to ETS can be asses¬ 
sed by extrapolation from active smok¬ 
ing. 


Characterisation of ETS 

The following discussion will be con¬ 
cerned with cigarettes only. Mainstream 
smoke (MS) is that smoke drawn into the 
mouth through the butt end of the 
cigarette by the active smoker. Side- 
stream smoke (SS) is defined as all other 
smoke emitted from the cigarette with 
the vast majority being the smoke re¬ 
leased from the burning end of the 
cigarette between puffs [12]} In addition 
to MS, the active smoker is exposed to SS 
at levels higher than the non-smoker 
because of the proximity to its genera¬ 
tion. ETS is composed of both SS and 
exhaled mainstream smoke (EMS), the 
material exhaled by the active smoker. 
While it is generally accepted that SS 
makes a larger contribution to ETS than 
does EMS, the relative contributions of 
each matenal to ETS have not been 
systematically examined. There is some 
evidence that EMS contributes little to the 
gas phase of ETS. however, it does 
contribute significantly to the particulate 
phase of ETS [12]. With certain tobaccos. 


EMS may contribute over 40% of the 
panicles of ETS. 

The properties of ETS are mfiuencea 
significantly by a number of consioera- 
tions inddding type of tobacco smoxes 
and smoke density, as well as environ¬ 
mental! factors such as dilution, ventila¬ 
tion, temperature, humidity, lighting anc C 
adsorption onto surfaces. Additionally. i 

chemical reactions occur changing the j 

composition of ETS; e.g* witn time"after j 
generation, nitric oxide is converteo to • 
nitrogen dioxide (12). The changes that 
occur as ETS lingers indoors are termeo t 
aging, and contribute significantly to tne 4 
complexity and dynamic nature of ETS. 
Because of these factors, it is impossible 
to provide a definitive chemical and pnysi- 
cai description of ETS. its character differ^ 
ing depending on conditions that exist a: 
any given time. As a result, little consis¬ 
tent information exists onithe eharactens- 
tics of ETS under ambient conditions in 
indoor environments that would' allow 
generalisations about its composition to 
be made. Because the frequency of puf¬ 
fing and the depth of inhalation differ 
among smokers, it should be apparent 
that the relative contributions of SS anc 
EMS to ETS wiJH be different for. eacr. 
ambient environment. Therefore, ih aaoi- 
tion to environmental factors deserioec 
previously, the chemical and 1 physical 
properties of ETS are dependent upon tne 
smoking patterns that occur in an indoor 
environment. The origins and properties 
of ETS have been reviewed: in detail 
elsewhere [12]; 

These considerations notwithstanding, 
numerous studies have been conductec 
in an attempt to characterise ETS. These 
have included the analysis of freshly 
generated SS* SS allowed to age in 
controlled environmental chambers* SS 
allowed to age in well-controiled experi¬ 
mental indoor environments, and:ETS in a 
number of typical indoor environments 
Each of these situations has specific limit¬ 
ations as to its usefulness in characterising 
ETS. 

Considerable effort has beeni direciec 
at characterising freshly generated SS as 
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■ a surrogate for ETS, and muen data exist 
on the cnemical composition of this ma¬ 
terial [13-19|. Serious problems are in¬ 
herent iniutiiising this approach. First, and 
most importantly. ETS is much more 
complex and variable than SS generated 
in the laboratory due to the presence of 
undefined proportions of both SS and 
EMS anditbe influence of aging on ETS 
components. Secondly, SS is produced 
undfer conditions that do not necessarily 
represent the smoking pattern of inf 
dividuais. SS is generateo under stan¬ 
dardised smoking conditions adopted 
over 20 years ago in apparatuses that 
allows it to be rapidly collected for analy¬ 
sis. The conditions are almost always one 
puff/min of 2 sec duration and a volume 
of 35ml. Since people smoke with dif¬ 
ferent patterns these conditions do not 
necessarily simulate those of most 
smokers [20|, and as a result, the quan¬ 
tities, of materials released into ambient 
air will likely vary from those generated 
using smoking machines. The same objec¬ 
tions about standardised smoking conf 
ditions could be raised; regarding the 
composition.of MS,, as well.. 


The environmental conditions present 
during generation will influence the levels 
; of chemicals in SS. This is illustrated by the 
’ effea of the velocity of air passed over 
!; the tip of the burning cigarette when 
! i generating SS [21]. In this study, the level 
j t of dimethylnitrosamine in SS varied as a 
;J function of air flow. Flow rates of 250, 
f 500,1000, and 1500ml of air/min yielded 
j ieveo of dimethylnitrosamine of 90, 250, 
> 530. and 680ng/cigarette. respectively. 

? Therefcre. depending on the conditions 
J used for generation and col lection, vat ues 
I for SS may vary greatly. This is illustrated 
I by the wide range of values reported in 
■ the literature for nearly one hundred 
chemicais reported to be present in SS 

ii 1,51 

J Compared to the study of freshly gen¬ 
ii erated. SS, utilisation of environmental 
I chambers offers the opportunity to ex- 
| amine the properties under controlled, 
although not necessarily realistic con¬ 
ditions. The most extensive examination 



of SS-derived ETS under these conditions 
appears to have been performed by 
Eatougn and colleagues (14,15,22]! They 
have utilised an unventilated teflon cham¬ 
ber in studying the properties of ETS 
originating from S5 generated within the 
chamber. Use of the teflon chamber 
permits ETS to be studied! in a setting 
where results are not influenced by venti¬ 
lation or surface properties. Under these 
conditions, a comprehensive analysis of 
the chemical composition of the gas and 
particle phases of ETS was performed; 
and the behaviour of the particulate 
phase examined. For example, it was 
observed that nitrogen dioxide was the: 
major inorganic acid present in the gas 
phase of ETS; and nicotine, 3-ethenyl- 
pyndine. and pyndine were the principal 
nitrogen bases present. Major particulate 
phase organic compounds were nicotine, 
mysomine, solanesol; mcotyrine and coti- 
nine. Greater than 95% of the nicotine 
was present in the gas phase. As the ETS 
aged, particles underwent at least three 
changes; Panicles deposited on the wall 
of the chamber, they coagulated increas¬ 
ing in size, and evaporation from the 
particles was also significant The effect of 
UV radiation was alio examined, and it 
was noted that the level of gas phase 
nicotine decreased with a concomitant, 
but less than stoichiometric increase in 
particuiate phase nicotine. An important 
class of compounds, the nitrosamines 
were not examined in this system. It will 
be of considerable interest when the 
levels and behaviour of the volatile and 
tobacco-soedfic nitrosamines are exam¬ 
ined under such controlled conditions. 

Using a stirred stainless steel chamber 
to study the properties of ETS. it was 
reported that smoke particles underwent 
evaporation over the first few hours (23}: 
As the ETS aged, particle size increased 
due to a combination of coagulation and 
removal of smaller particles by deposition; 
on the surface of the chamber. Similar 
observations have been made using a 
ventilated steel chamber 124). 

The decay of a number of SS-derived; 
components has also been studied in a 

113: 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


8023380107 



non-ventilated glass and stainless steel 
chamoer [25] in particular, polycyclic 
aromatic hydrocarbons (PAHs) decay at 
different rates during aging depending on 
their molecular weights; PAHs below 156 
daltons had a longer half-life than those 
above this value. As with other experi¬ 
mental systems, nicotine decayed more 
rapidly than particulate material. 

Studies nave been reported using a 
modified trailer in which conditions can 
be controlled with respect to ventilation, 
temperature, humidity, and circulation 
[15,22], Such an environment can be 
made to simulate closely ambient indoor 
conditions. Some important observations 
were made concerning the behaviour of 
SS*derived ET5 in this setting which were 
similar to those of other workers [12]. For 
example, the absolute decay of various 
constituents of ETS was primarily control¬ 
led by the rate of ventilation. The rate of 
dbcay of nicotine was the most rapid 
of the components studied, while the 
NOx-NO species were the most stable. 

While controlled chamber studies have 
provided useful information about ETS, 
the results must be interpreted with a 
degree of caution. These conditions only 
partially simulate the ambient environ¬ 
ment in which non-smokers are exposed 
to ETS. For example, no studies have 
examined the behaviour of ETS when 
persons are present in the chamber or 
when ETS has been generated by smokers 
so that EMS is aiso present, in an effort to 
obtain realistic data on ETS exposure, 
numerous studies have examined selected 
chemica!s,and particles in ETS under a 
variety of ambient conditions [26-32]. 

Problems exist in the interpretation of 
these data: as well. In general, only a few 
substances have been investigated in 
each study, with sampling performed 
over single periods of relatively short time 
(24 h or less). Such a sampling protocol 
will fail to describe the daily variations in 
ETS levels that exist in indoor environ¬ 
ments as well as fail to provide a measure 
of chronic exposure. The lack of specificity 
of most of the measured substances for 
ETS (e g. carbon monoxide and respirable 


suspended particles) limits conclusions 
that can be arawn about tne composition 
of ETS in these studies. 

Exposure assessment methods and 
interpretations 

It should be dear that there is no defined. 
reproduribJy characterised entity known 
as ETS, rather it is a constantly changing 
substance influenced by numerous en¬ 
vironmental and personal factors. At pres¬ 
ent. the published research represents 
little more than a broad representation of 
the nature of ETS. Therefore, it is currently 
not posssible to compare the risks, if any, 
of exposure to ETS with those reportealV 
associated wrth active smoking based on 1 
the chemical compositions of each of 
these materials. 

As an alternative solution to the prob¬ 
lem of characterising ETS. several 
approaches have been utilised to assess 
ETS exposure with the goal of predicting 
possible related health effects. These 
efforts have involved the assessment of 
exposure by use of questionnaires, mod¬ 
elling, surrogate airborne markers, and 
the assessment of internal dose by use of 
biological markers (biomarkers). 

Reliance on questionnaires alone to 
assess exposure is fraught with numerous 
problems including lack of; standardisa¬ 
tion and validation, responder bias anc 
potential misdassification of subjects. At 
best their use represents an indirect mea¬ 
sure of exposure and; cannot provide any 
quantitative information on specific or 
total exposure levels or doses of biologi¬ 
cally relevant chemicals at target sites 
[33-36], Questionnaires can have value 
when used as part of a more comprehen¬ 
sive exposure assessmenti For example, 
an index of exposure has been developed! 
which includes questionnaires as one 
component, along with a daily diary, that 
correlates well with nicotine collected by 
a personal monitor [37J. 

Modelling has been used to assess 
concentrations of ETS constituents and tc 
estimate exposures [5,6,38]. Data from 
other studies are normally used 1 in tne 
mooelling and, additionally.’ tms approach 
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reouires assumptions which generalise 
and' ofteni oversimplify the exposure con¬ 
ditions. 

The use of airborne markers and 
biomarkers offer the best opportunity to 
assess exposure to ETS. Unfortunately, 
reliance on either of these assessments 
aione for such a complex and dynamic 
mixture as ETS may result in misleading 
informatior.. For example, the external 
cose may not be related to the internal 
cose as absorption, distribution metabol¬ 
ism. and elimination may differ among 
individual components (particles, water- 
soluble chemicals, organic materials). The 
presence of a biomarker in a non-target 
tissue does not necessarily correlate with 
the level: of a potentially toxic species at 
the critical cellular site nor whether a 
disease will result. These limitations in the 
use of airborne and biologicai markers are 
present when appiiedito exposure assess¬ 
ment for ETS. 


Assessment of external exposure 

Due to the complex cnemicai and physical 
nature of ETS, investigators have relied on 
tracers, or surrogates, in measuring exter¬ 
nal exposure to ETS The National Re¬ 
search Council (2j has provided criteria 
which should be satisfied in using a 
surrogate for ETS: 

1. It should be unioue or nearly unique to 
ETS. 

2. It should be present in sufficient quan¬ 
tity that concentrations can be easily 
detected in air. even at low smoking 
rates. 

3. It should be characterised by similar 
emission rates for a variety of tobacco 
products. 

4. it should be in a fairly constant ratio to 
the components of interest under a 
range of environmentai conditions en¬ 
countered and for a variety of tobacco 
products. 

Unless tne first criterion ts fulfilled, the 
remaining criteria are of less significance. 


To date, no single material has satisfied 
these criteria. 

Respirable suspended: partides (RSP) 
and nicotine have been used most fre- 
ouently as surrogates for ETS. The use of 
RSP fails to satisfy the first criterion 
because of its lack of specificity to ETS. 
There is a significant level of background 
RSP not related to ETS in the indbor. 
environment. This has been demon¬ 
strated using the property of ultraviolet 
absorption of RSP as representative of the 
ETS-specific portion of RSP (29,30]. In 
several environments where smoking was 
permitted, it was found that ETS corntrn- 
buted less than 40% of the partides in 
the indoor environment. If RSP in an 
indoor environment is to be attributed to 
ETS, it is necessary to rdie out all other 
sources of RSP. This has not been done 
satisfactorily in the studies reported to 
date. 

While the measurement of RSP may 
serve as an index of exposure, it is not a 
measure of the dose or the amount of 
paniculate material that will be retained: 
in the lungs of those exposed. It is the 
amount of material retained ini the lungs 
that is believed: to have a relationship to 
nealth effects, not the amount to which 
a person is exposed. In fact, the relative 
retention of ETS particles has never been 
measured: 

Different deposition patterns are to be 
expected for the partides in ETS and. 
those in MS because of the different 
breathing patterns of the two population, 
groups. An active smoker inhales MS by 
mouth often with a deep inhalation fol¬ 
lowed by a prolonged respiratory pause. 
Such a manoeuvre increases residence 
time of partides and gases in the entire 
respiratory tract, optimising conditions for 
deposition, in contrast, a non-smoker 
would inhale ETS principally through the 
nose using a regular breathing' pattern 
which is much more shallow than that 
used by active smokers. The shallow 
breathing pattern would reduce the de¬ 
gree of pulmonary deposition of partiCD-' 
late materials of ETS in non-smokers 
compared to MS in the active smoker. 

ns 
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Risk assessments for lung cancer have 
teen performed using estimated ex¬ 
posure to R5P from ETS [6.39j. The values 
used 1 in these calculations were depen¬ 
dent on a number of assumptions that did 
not consider the limitations of using RSP 
as a surrogate for ETS. Consequently, the 
risk values are open to question. 

Nicotine has been' measured in ambient 
air using area sampling (40-42) and with 
personal samplers [37.43,44]. Personal 
samplers monitor the immediate environ¬ 
ment of the subject permitting a more 
accurate assessment of personal exposure 
than; occurs with area sampling. While 
airborne nicotine would be specific for 
ETS, problems exist in using it as a 
surrogate; Nicotine in ETS is principally in 
the gas phase [15], while nicotine in MS 
is almost exclusively in the particulate 
phase Therefore, in ETS, nicotine would 
be serving as a surrogate for gas-phase 
components only. 

Additionally, nicotine in ETS decays 
more rapidly than other gas-phase com¬ 
ponents [22], in large part due to its 
adsorption onto surfaces. It is likely that, 
once smoking has stopped in a room, the 
adsorbed nicotine will be slowly released 
back into the atmosphere. If this occurs* 
a low level of airborne nicotine may be 
present in an< area where smoking had 
not occurred for some time giving an 
inaccurate representation of total ETS 
exposure. 

The ratio of RSP/nicotine has been 
discussed as a possible monitor for ETS in 
ambient environments, and in particular 
as a means for quantifying the ETS- 
specific RSP [45]. Laboratory studies have 
given an average ratio of 13.4. Using 
values for RSP and nicotine from field 
surveys, it has teen concluded that the 
relationship between these two materials 
is too variable to use for predictive pur¬ 
poses [46), 

The mutagenic properties of RSP have 
been used to assess exposure to ETS [26]. 
The principal problem with this approach 
is the interpretation of the results. The 
significance of the presence of airborne 
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mutagens has not been established nor 
have Quantitative measures of retention 
of mutagenic materials been obtained' 
Because of these uncertainties, the mea¬ 
surement of airborne mutagenicity has 
provided little information in assessing 
exposure to ETS. 

To date no single material satisfies the 
criteria as a marker for ETS. Consequently, 
it has not been possible quantitatively to 
assess the external dose of ETS a non- 
smoker receives. 

Assessment of internal dose 

as an assessment of exposure to ETS. 
biomarkers can serve as surrogates for the 
internal dose received. Criteria nave been 
proposed that an effective marker should 
satisfy [47]: 

1. It should be tobacco-specific in 1 oroer 
to be certain of its origin. 

2 it should have a Ibng haif-life so that 
it serves as an index of exposure over 
an extended period of time. 

3. The marker should give aivaiid indica¬ 
tion of the health; risks of exposure. 

4. Analytical techniques should be avail¬ 
able that can reliably and conveniently 
measure the low levels of tne marker 
present in non-smokers exoosed to 
ETS. 

Biomarkers of ETS exposure have been 
measured in biological fluids of humans. 
Several biomarkers have been utilised; 
with varying degrees of success in the 
assessment of exposure to ETS. including 
nicotine and cotinine in saliva, blood, and 
urine, ONA and protein adduos in blood, 
and mutagenic activity in urine. From 
these results, investigators have drawn 
conclusions about exposure, risk of dis¬ 
ease, and mortality. 

When interpreting: studies in which 
biomarkers have been used to assess 
exposure or risk, a number of factors 
must be considered [48], Data oiuana- 
tion among individuals in absorption, 
metabolism (including bioactivation an® 
detoxication), kinetics, distribution! ex¬ 
cretion, binding to macromoiecules anc 
cellular repair must be evaluated, ih the 
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use of biomarkers for assessment of 
exposure to ETS arno assessment of poten¬ 
tial health risks, such considerations have 
not been employed consistently. 

Biomarkers such as nicotine, or one of 
its metabolites, cotinine, in body fluids 
have been used xo assess intemall ex¬ 
posure to ETS [41,48- 50]. In general, 
salivary and urinary cotinine provide the 
best relationship with self-reported ex¬ 
posure to ETS [47.511], Levels of cotinine 
in body fluids tend to correlate directly 
with the number of smokers in the 
household, the number of hours of ex¬ 
posure, the number of smokers among 
acquaintances, and are higher in non- 
smokers married to smokers than in those 
married to non-smokers. 

Nevertheless, significant limitations 
exist: in the use of nicotine or cotinine to 
assess exposure to ETS. At best, leveis of 
nicotine or cotinine are useful Qualitatively 
to assess exposure. Too many limitations 
exist for them to be considered quantita¬ 
tive dosimeters from which risk can be 
estimated [52]. in virtually ail studies 
reported, single samples are taken in the 
assessment of exposure. Such values are 
an index of exposure at a specific point in 
rime and do not reoresent tne cumulative 
exposure that would be required properly 
to evaluate exposure to ETS. importantly, 
the vast majority o# nicotine in ETS is in 
the gas phase while nicotine in MS is 
predominantly in the particulate phase 
[22,53]. Therefore, values for nicotine or 
cotinine ih: body fluids represent the 
inhalation of physically different materials 
in the two exposure groups making their 
comparative use questionable. Additionally, 
gas-phase nicotine and particulate-phase 
nicotine decay at different rates under 
experimental conditions [22]. Leveis of 
nicotine or cotinine in body fluids provide 
no information on exposure to other 
chemicals, particularly those in the parti- 
cuiate phase which are believed to have 
riie most relevance to potential adverse 
health effects. 

it was once thought that one of the 
attractive features of using nicotine and 
cotinine as biomarkers was their tobacco 


specificity. Recent studies indicate that 
nicotine is not unique to tobacco. A 
number of vegetables in our diet have 
been shown to contain nicotine [54,55], 
The fact that nicotine, and consequently 
cotinine, can arise from non-tobacco 
sources complicates the interpretation of 
the iow-level values of these chemicals 
that are measured in the body fluids of 
non-smokers. 

Cotinine is only one of a number of 
metabolites of nicotine and evidence is 
now indicating that nicotine-n-oxides or 
trans 3'-OM-cotinine, rather than cotinine., 
may be the most abundant metabolites of 
nicotine in the urine [56—58]. Cholerton 
er a/., [56] report a larger coefficient of 
variation for cotinine than other nicotine- 
derived metabolites in the urine of smokers. 
Variations in the metabolic formation of 
cotinine among non-smokers would 
further confound the interpretation of 
cotinine levels. 

Complicating this problem even further 
are pharmacokinetic:, factors. Nicotine 
appears to be metabolised at different: 
rates in smokers and non-smokers [59-61]. 
The half-life of nicotine in plasma appears 
to be shorter for smokers than for non- 
smokers, therefore, the relative relation- 
shiD of values between the two groups 
will differ depending upon the time of 
sampling, 

Both intralaboratory and interlabora¬ 
tory variations have been reported for 
urinary cotinine values [62,63], indicating 
that comparisons of values among labor¬ 
atories should br made with 
caurioni Such methodological considera¬ 
tions are of particular significance when 
values are lOw as is the case with ex¬ 
posure to ETS. 

It seems evident that the measurement 
Of cotinine in body fluids will likely pro¬ 
vide misleading information regarding the 
Quantitative exposure to ETS. Considering 
the factors discussed, a compelling argu¬ 
ment can be made against using nicoti ne 
or cotinine values for either a quantitative 
comparison of exposure between smokers 
and those exposed to ETS or in an: 
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attempt to assess the possible risk of 
exposure to ETS. 

Urinary cotinine as a predictor of health 
risks of exposure to ETS should be used 
with caution (64). Nevertheless, a risk 
assessment estimating ETS-related mor¬ 
tality has been made using such values. 
One study reported that urinary nicotine 
values in non-smokers were 0.7% of the 
level found in smokers [8] and the 
assumption made that there are prema¬ 
ture deaths from the inhalation of ETS 
which may be approximately 0.7% of 
that due to active smoking resulting in 
1.000 deaths a year in Great Britain and 
4,000 deaths a year in the United States. 
No consideration was given to the limit¬ 
ations in the use of this marker. Addition¬ 
ally, the authors assumed that the 
relationship of dose-to-risk is linear 
between these two exposure extremes, 
an assumption i that has not been shown 
to be valid. Clearfy. this risk assessment is 
overly simplistic and confounded by a 
number of significant conceptual prob¬ 
lems. 

Wigle et a/. [65], used values for urinary 
cotinine of active smokers and non- 
smokers exposed to ETS to assess the 
relative exposures of non-smokers to 
components of tobacco smoke that have 
been reported to be toxic. They con¬ 
cluded that persons exposed to ETS for 20 
or more hours per week have exposures 
to six compounds that have been desig¬ 
nated as known or probable human 
carcinogens which are at least 2% of 
those of active smokers and, for certain of 
these compounds, may be more than 
20%. In arriving at these estimates, the 
authors made a number of assumptions 
which ignore the complexity of the ex¬ 
posure situation. In particular, SS was 
used as a surrogate for ETS. Such a 
premise is clearly inappropriate and in¬ 
validates any quantitative relationships 
that might be developed! 

DNA and protein adducts have been 
utilised as biomarkers to assess internal 
exposure to ETS. Adducts are products 
derived from covalent reactions between 
chemicals and biological material such as 
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DNA and proteins. The formation of DNA 
adducts is reported to be associated with 
mutagenesis and carcinogenesis [66.67], 
and adducts are viewed as marxers of the 
biologically effective dose of carcinogens j 
in humans. Recent evaluation of. the role { 
of adducts in carcinogenesis indicates { 

that the relationship may not be as direct * 
as initially thought [68]. : 

v 

In spite of the lack of. correlation » 
between adduct levels and cancer in a j 
number of studies [69—72] ! considerable i 

interest continues in their use as molecu- i 
lar dosimeters for carcinogenesis. ! 

Although studies have started to examine ' 
their possible role in the assessment of » 
exposure to ETS, little useful information - 
currently exists in this context. « 

For many chemicals, adduct formation I 
following metabolic activation is a. neces- i 

sary, but not sufficient, event to initiate > 

carcinogenesis (73,74). The formation of * 
adducts may not occur on a region of the 
genome that is critical in the carcinogenic: 
process. The role of DNA repair must also 
be considered [75,76], The variability in 
repair capabilities in humans [77] will 
influence the level of adducts present in 
a tissue. Additionally, genetic polymorph¬ 
ism of drug metabolism in humans has 
been shown to result in wide inter¬ 
individual capacities to activate carcino- * 
gens metabolicalfy [78]: Because cancer is 
a multistage process, and because the f 
level of adducts may be influenced by a ij' 
multitude of factors including diet [79] it 
is thought to be unlikely that DNA 
adducts will provide precise quantitative t 
dosimetry for predicting cancer risk [BO], 
particularly where the level of. adducts is J' 
as low as observed for ETS. exposure. 

Another line of research in. this area 
involves proteins as target molecules for 
adduct formation with the goal of serving 
as a surrogate for DNA adducts (81), 

Because of its abundance, haemoglobin 
has been used to monitor adtfiict levels 
associated with exposure to tobacco 
smoke (82.83). 

A potentially attractive aspect of the 
use of adducts as a dosimeter for ETS 
exposure, is that they may be useful: in 
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momitonng exposure, at least qualitatively, 
on a more chronic basis than with other 
markers. To date, no tobacco-specific 
adduct has been identified that is capable 
of fulfilling this goal. Adducts of 4-amino- 
biphenyl-haemoglobin (4-ABP-Hb) and of 
benzo[aJpyrene did epoxide-1-DNA 
(BPDE-1-DNA) in white blood cells have 
been compared in smokers and non- 
smokers (82—84): While both 4-ABP and 
benzo[a]pyrene (BP) have been classified 
as carcinogenic, neither is tobacco- 
specific. Levels of 4-ABP-Hb adducts have, 
however, been used to distinguish smokers 
from; non-smokers. The levels of 4-ABP i 
Hb adducts in non-smokers have been 
reported to be about one fifth the level 
found in smokers (82,831. In one study, 
BPDE-1-DNA adducts were of little value 
in distinguishing die two groups (831. 
Over a 48 h period, there was little 
consistency in the presence of adducts in 
smokers, with many smokers having no 
detectable levels. Additionally, there was 
no apparent correlation between the level 
of 4-ABP-Hb adducts and the level of 
BPDE-1-ONA adducts in either groupi 

Adducts of 4-ABP-Hb and 3-ABP-Hb 
have been measured in the blood of non- 
smokers with varying degrees of exposure 
to ETS as assessed by the presence or 
absence of detectable serum cotinine 
(82). In non-smokers exposed to ETS. the 
4-ABP-Hb' levels were about 40-fold 
higher than the level of 3-ABP-Hb which 
inmany subjects was belbw the limit of 
detection. Due to the lack of a clear cut 
effect of ETS exposure on 4-ABP-Hb 
adduct levels, and the inconsistent detec¬ 
tability of 3-ABP-Hb adducts, the useful- 
ness of these markers to discriminate 
non-smokers exposed to ETS from those 
who are not exposed, appears question¬ 
able. 

Recent studies indicate that the turn¬ 
over of adducts may be more rapid than 
originally thought, limiting their useful¬ 
ness to monitor chronic exposure. While 
the lifespan of haemoglobin is 120 days 
(81J. levels of 4-ABP-Hb adducts in smokers 
returned to background leveis in 6-8 
weeks following cessation of smoking 


(821. NNK is a tobacco-specific nitrosation 
product of nicotine that is present in MS 
and SS and has been classified as carcino¬ 
genic in animals (85). Removal of adducts 
induced by the injection of NNK, has been 
examined in rats (69). Rates of removal of 
different adducts in target tissues was 
variable and rapid, occurring within sev¬ 
eral days. These data indicate that NNK- 
induced adducts may not be useful as a 
dosimeter for tobacco smoke exposure: 

A very sensitive method for examining 
the presence of adducts is 32 P post, 
labelling. This technique provides a semi- 
quantitative estimate of the adduct level 
in a tissue. At present, there has been 
little application of this technique in 
assessing exposure to ETS. In spite of its 
sensitivity, there are limitations associated 
with the 3Z P post-labelling technique. It 
does not allow identification of the 
adduct, and basal levels of adducts are 
reported to increase with age. at least in 
animals (86). Using this technique, no 
increase in DNA adducts was reported in 
monocytes of non-smokers heavily ex¬ 
posed to ETS (87). 

in order to compare the potential risks 
of exposure to ETS with those reported 
for active smoking, an extrapolation from 
high-dose exposure to low-dose exposure 
is required. DNA adducts have been 
proposed as a means to do this. The 
relationship between external dose and 
biological dose, as assessed; by DNA 
adducts. is dependent on the absorption, 
distribution, metabolism and excretion of 
the chemical of interest. The interpreta¬ 
tion of biological dose using DNA adducts 
is influenced by several factors, including 
the location of the adducts on the genome 
as well as the mutagenic efficiency of the 
material, including the base that is modified 
and the effectiveness of the repair pro¬ 
cess. Additionally, for certain chemicals, 
the level of adduct formation is not 
linearly related to the dose administered^ 
From the existing data, no absolute in¬ 
formation is available relating the pre¬ 
sence of adducts to a quantitative or 
qualitative assessment of exposure to ETS. 
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As a measure of exposure to ETS, 
studies have been conducted on the 
capability, of concentrated extracts from 
the urine of non-smokers and persons 
exposed to ETS to induce mutations in 
bacteria (88—94). The rationale behind 
this approach is that the presence of 
mutagens in the urine may be an indica¬ 
tion that the person has been exposed to 
chemicals that can ultimately induce can¬ 
cer. Compared to the mutagenicity of the 
unne of smokers, activity in the unne of 
those exposed to ETS is quite low, variable 
and not always above background levels. 

A number of problems exist with the 
studies attempting to relate urinary muta¬ 
genicity to ETS exposure. The experiment 
tat conditions of exposure to ETS have 
often been unrealistic in comparison to 
that occurring in the ambient environt 
ment Methodological differences exist 
among studies possibly contributing to 
some of the inconsistencies. The studies 
have not always been controlled for the 
presence of dietary mutagens, an impor¬ 
tant confounding factor (95). Importantly, 
the putative mutagens have not been 
identified. Finally, the biological signifi¬ 
cance of low-level mutagenicity in urinary 
concentrates has not been established. 
Due to these factors there is little reason, 
at present, to believe that urinary mutat 
gemcity can be used to assess exposure to 
ETS or to assess risk to cancer [93)1 

Extrapolation models 

An important consideration in the dPse- 
response analysis of risk assessment is the 
extrapolation model used at the low-dose 
end of the curve. Traditionally, the linear 
non-threshold dose-response model has 
been used in the quantitative risk assess¬ 
ment of carcinogens. Current evidence 
brings this concept into question (96) and 
necessitates a rethinking of this process. 
The theory presented is that, at low 
doses, initiation may occur but unless 
exposure to high doses of promoters then 
occurs, tumours will not develop. This line 
of reasoning: has considerable impact on 
the procedures used for analysing low- 
dose exposure as it relates to extraoola- 
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tion of cancer risk from active smoking toi 
exposure to ETS. 

Ih; spite of the distinct differences -n 
dose received from active smoking an-.- 
exposure to ETS, the extent of exposure 
to ETS and active smoking has been 
compared through the use of cigarette 
equivalents [21.40,43.46.47.65.97]. This 
approach attempts to convert exposure to 
ETS into an equivalent exposure from 
active smoking with the assumption that 
the risk from ETS exposure is proportion¬ 
ally comparable to the risk from active 
smoking. This procedure is an oversimpli¬ 
fication of the exposure conditions anc 
will provide potentially misleading; infor¬ 
mation [3). 

Pathophysiological consequences and 
implications 

As indicated above, it is extremely difficult 
to extrapolate from active smoking to ETS 
exposure with any degree of reliability. 
Similarly, the data do not DOint to consis¬ 
tent evidence of pathophysiological con¬ 
sequences of ETS based on exposure anc 
dose. Some examples wiil be presented to 
illustrate this point. 

Several studies have reported mat. 
functionally, smokers may have reduced 
ventilatory function at rest and a reduced 
exercise capacity with a greater oxygen 
debt accumulation (98-101). For ETS- 
exposed non-smokers, the effects on ven¬ 
tilatory function andi exerase capacity 
reductions are not consistent. While a fen 
studies show some functional impair¬ 
ment, the majority do not. First of all, it is 
difficult to determine if the test situation 
mimics real-life exposure. The conditions, 
to which subjects are exposed are often 
not reievant to ETS exposure. One study 
where subjects were passively exposed to 
cigarette smoke illustrates this pom: 
(102)1 After drawing the puff through the 
apparatus consisting of a solenoid, cat 
acity vessel and pump, t he (vI S ws: 
discharged into the test room along witr 
the SS. Therefore, the subjects * were 
essentially breathing diltiteo Quantities of 
tne same constituents as an active smoker. 
The exposure conditions were also ratner 
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extreme, initial concentrations of particu¬ 
late matter were >4mg/m? and carbon 
monoxide levels were 24 pprrn After 2 h, 
the particulate concentration dropped to 
only 2mg/m J . Therefore, these conditions 
are not representative of ambient ETS 
exposure. 

Even in this study (102], no change was 
found in the FEV, of the subjects at rest. 
When bicycle exercise was performed, the 
oniy change found was a slight increase 
in, heart rate at two to five time points 
that was statistically significant but not 
biologically important 

Another problem in trying to identify 
possible effects of ETS on pulmonary 
function is the inaccurate or broad ranges 
ofi exposure as represented in either the 
ETS-exposed or -unexposed groups^ Usual 
confirmation of ETS exposure or lack of 
active smoking is through questionnaires 
without chemical confirmation. No mat¬ 
ter how limited chemical confirmation 
techniques are. Questionnaires are less 
reliable: Most epidemiological studies in¬ 
volve spousal exposure and ignore 
whether, smoking i occurs in the home to 
any significant degree or whether spousal 
exposure is compounded by workplace or 
social! exposure. Intuitively, it might be 
expected that smokers socialise with 
others who also smoke more often than 
do non-smokers. The otner major con¬ 
sideration may be tied to the general 
health status or awareness of smoker 
households comparea to non-smoker 
households. It would seem very important 
to match groups for diet and exercise as 
well as other health indicators. 

Functional studies 

in contrast to the studies reported on MS. 
it would appear that there is little agree¬ 
ment among studies as to the effects of 
ETS on pulmonary parameters. Even 
within studies, unexplainable peculiarities 
appear that raise questions of reliability. 
Certain age grouos of particular popula¬ 
tions are found to be affected wnere 
other population segments in the same 
Study snow increased pulmonary function 
capability, in a comprenensive review of 


this subject the results of studies were 
regarded as being too variable to permit 
a conclusion concemingi tong-term ETS 
exposure and possible impaired respira¬ 
tory health or pulmonary functionun non¬ 
smoking adults (103|. 

Studies typically are further compii- 
cated by the possibility of suggestibility. 
Suggestibility is the reverse of the placebo 
effect. These studies are performed to 
determine the magnitude of the psycho¬ 
somatic effect and hope to answer the 
question: "If the subject expects an 
adverse effect to occur, will this be 
reflected in a measurable response?" 
Here again, there is no good agreement. 
One study reports a 50%, increase in 
airways resistance following a positive 
suggestion that the subject would be 
breathing a substance that may be irritat¬ 
ing and make it harder to breath (1104). in 
another study, subjects who could easily 
tell whether or not they were breathing 
the smoke, were exercised at a level to 
increase minute ventilation to about 2:5 
times resting ventilation. These subjects 
showed a dose-related response to sham 
or zero smoke, and! two levels of ETS 
exposure (105]! The magnitude of change 
in pulmonary function parameters was 
minor in most cases and of no physiologi¬ 
cal significance. The experiment was 
flawed by the failure dearly to separate 
the pyschological influence from the phy¬ 
siological effects and to establish any real 
controls, whereas the previously cited 
study (104] unquestionably separated the 
two components. Furthermore, in this 
study (105) it appeared that ail smoxe. 
including the MS generated by the smok¬ 
ing machines, was presented to the sub¬ 
jects. 

The question of allergic response to 
tobacco smoke has been raised frequently, 
and was investigated by McDougall and 
Gieich (106), who reported that tobacco 
and tobacco smoke allergies were not 
demonstrable. It rrognt thus be concluded^, 
that most of the apparent irritation in the 
presence of ETS is psychologically based. 

When considering asthmatic patients, 
where active smoking has sometimes 
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been reported to be capable of tnggenng 
attacks, the evidence is not well estab¬ 
lished! for ETS. Pulmonary function tests of 
asthmatics produced no change in expira¬ 
tory flow rates. However methachoiine 
challenge did produce a slight but signifi¬ 
cant increase in airway reactivity [107], 
Other investigators studied the effects of 
ETS on asthmatics and found variable and 
inconclusive results in pulmonary func¬ 
tion, but again found the increased reac¬ 
tivity to challenge; this time to histamine 
[T08J. The results seem reasonable; 
however the regimen was not dearly 
stated. The mixing of MS and ETS may be 
a confounding problem of this study, as 
weil. In summary, these results suggest a 
highly variable functional response to ETS 
even under laboratory conditions. 

Cancer types, locations and frequencies 

Use of tobacco products has been re¬ 
ported to be associated with cancers of 
various types and in various organ sys¬ 
tems depending upon the tobacco pro¬ 
duct used. A review which addresses the 
comparisons between active smoking and 
exposure to ETS. concludes that more 
research needs to be done to demon¬ 
strate a i strong association between ETS 
and cancer in the non-smoking popula¬ 
tion [109]. 


These authors begin with the hypoth¬ 
esis that the association between ETS and 
lung cancer must be possible based on 
the evidence from active smoking. They 
then examine the criteria set forth in the 
Surgeon General's report of 1964, and 
cite the inconsistencies in the results of 
both prospective and case-control 
studies. They make a specific point of the 
necessity for carefully documenting 
tumours using good histopathological 
techniques. In their own previously re¬ 
ported and unreponed studies, they 
found that there is a preponderance of 
Kreyberg type l class tumours associated 
with smoking, in never-smokers, the pre¬ 
ponderance of tumours are classified as 
Kreyberg type II. Within these catogories 
the squamous cell type (type i) was 
predominant in smokers, "with lesser but 
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significant causative effect on the glandular 
type”. In non-smokers, the predominant 
type is the glandular aaenocarcinoma 
type II tumour. Other authors [110-liVV’ 
suggest that ETS is limited to squamous 
ceil types of tumours, if this is the case, 
the numbers of tumours potentially attrif 
butable to ETS would be very small 
considering the low incidence of this type 
of lung cancer in non-smokers. There is 
some support for squamous cell tumours 
being the most likely to be caused by ETS 
(112]] quoted by the US Surgeon General 
(1131: In a dosely monitoredi study in 
Olmsted County, Minnesota. Beard anc 
his colleagues found that the inddence 
rate for squamous cell tumours droppec 
remarkably in the 1965—1974 ! period, 
presumably as smoking decreased. Smail 
cell tumour inddence. also associated! 
with smoking; decreased but not as dra¬ 
matically. The incidence of aaenocarcino¬ 
ma continued-to rise. There are several 
conclusions that can be drawn; 

1. if Dalager er a/., (110) and Persnage.n 
et a/.. (!l 11) are correct in concluding 
that squamous ceil and small cel! 
tumours are the predominant types 
associated with both smoking and 
exposure to ETS, then the nsk of lung 
cancer from ETS is very small since this 
tumour is rare in non-smokers. 

2. Since adenocardnoma of the lung 
continued to rise in the Olmsted 
County study and is purported by 
some investigators to be the pre¬ 
dominant type for ETS exoosure. the 
association between ETS and adeno¬ 
cardnoma is incorrect, meaning that 
some other cause is associated with 
the development of adenocardnoma 
of the lung. 

3. ETS may not. in fact, cause cancer of 
the lung at all. or if it does, perhaps it 
is associated with several types of> 
tumours but not at a very nig h IpvpI 

Regardless of who is correct, more 
careful documentation is necessary of the 
histological types and incidence of lung 
tumours in order to determine an accu¬ 
rate and meaningful risk. 
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Conclusions 

Since ETS has not been adequately 
characterised, there are insufficient data 
on which to base a hazard analysis. 
Accordingly, there are not enough data 
available on which to base an exposure 
assessment for ETS; Due to the dynamic 
nature of ETS. it is impossible to relate ETS 
to MS chemically or physically. In the 
absence of this relationship, it is in¬ 
appropriate to make any extrapolations 
from what is reported about the effects 


of active smoking to possible effects of 
exposure to ETS; Therefore,, any calcula¬ 
tion of risk from exposure to ETS based 
on extrapolations from calculated risks of 
active smoking is, at best, not reliable 
and, most probably, of no value what¬ 
soever. It is important, therefore, to con¬ 
sider ETS as a distinct entity, and further 
research is needed to tesi hypotheses 
based on valid protocols that meet the 
criteria established for the epidemiology 
ofi weak associations. 
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AIRCRAFT AIR QUALITY 


Calls for smoking restrictions and bans aboard commercial 
aircraft are based upon rhetoric regarding health and exposure 
claims, not substantive scientific data. Available research 
indicates that smoking bans will do little, if anything, to 
remedy common complaints of dry, stuffy air aboard commercial 
aircraft. 

In> a comprehensive review of the relevant data on aircraft 
air quality and nonsmoker health, an environmental specialist 
concluded that "the available scientific evidence does not 
support the prohibition of smoking on commercial aircraft". 
He also noted that the available data "suggest that factors 
or substances" other than tobacco smoke "may be major 
contributors to subjective complaints of discomfort by 
passengers and flight crew. 1,1 

Data from in-flight measurements of tobacco smoke constituents 
indicate that the contribution of tobacco smoke to cabin air 
quality is negligible, posing no demonstrable adverse health 
consequences for passengers or crew. One of these studies, 
conducted in Europe in 1989, involved the most comprehensive 
testing and analysis of aircraft cabin air quality to date. 2 
The results indicate that total exposure to tobacco smoke 
aboard aircraft is "rather small and insignificant in 
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The 


comparison to total life exposure to air pollution.” 
researchers concluded that any possible health effects were 
"not likely to have been elicited" by such exposures aboard 
flights. They also noted that irritation and! annoyance 
commonly attributed to such exposures may have been 
"potentiated by the low humidity, high temperature and high 
carbon dioxide levels found." 

Other studies reached similar conclusions. For example, the 
principal author of a 1987 study of a commercial airline in 
the U.S. noted that the typical amount of tobacco smoke in 
no-smoking sections of the aircraft is so small that it would 
take 224 hours, or more than 9 days of non-stop flying, to 
reach the exposure equivalent of the nicotine in a single 
cigarette. 3 


A study of flight attendants during transoceanic flights 
measured body fluid levels of nicotine and concluded that the 
concentrations were so small that they were "unlikely to have 
physiologic effect." 6 Another study of flight attendants 
measured exhaled carbon monoxide (a tobacco smoke constituent) 
and! reported that the concentration of smoke to which the 
attendants were exposed was "too low to alter significantly 
their expired air carbon monoxide levels." 7 -- 
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In 1989, an Australian specialist in occupational health and 
preventive medicine concluded that the available data "do not 
lend support to the hypothesis" that exposure to tobacco smoke 
"may present a risk to the health of cabin staff or 
passengers." He further observed that providing smoking and 
nonsmoking sections "meets the reasonable requirements of 
passengers." 8 


Tobacco smoke, because it is easily seen, is readily blamed 
for passenger and crew discomfort. But other aspects of the 
cabin environment, including poor ventilation and the presence 
of carbon dioxide, ozone and low relative humidity, may create 
discomfort. For example, the President of the U.S. Aviation 
Safety and Health Association suggested that "the real culprit" 
is the lack of fresh air ventilation. 9 Listing a number of 
complaints ranging from headaches, dry throats and coughs to 
fatigue and dizziness, he concluded that "these symptoms are 
not related or caused by smoking aboard aircraft. Nor will a 
smoking ban of any length correct this fresh-air deficiency." 

Restrictions and bans on smoking aboard commercial aircraft 
have been imposed despite the lack of convincing data 
suggesting that tobacco smoke may affect cabin air quality or 
the health of nonsmokers during flights. A case in poin t is 
the 1989 decision by the United States Congress to ban smoking 
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aboard flights of six hours or less, meaning the virtual 
prohibition of all smoking since few domestic flights last 
that long. A brief history of this prohibition suggests the 
largely political motivation behind the ban. 

In 1987, the U.S. Department of Transportation (DOT) rejected 

a proposed ban recommended by the National Academy of 

Sciences because it was not supported by data associating 

health effects and tobacco smoke exposures aboard' aircraft. 11 

Nonetheless, the next year, congress voted to impose a 

temporary ban on smoking aboard domestic flights of two hours 

or less. The DOT subsequently issued a request for proposals 

to monitor in-flight exposures to tobacco smoke and other 

12 

indoor air constituents for the purpose of aiding 
Congressional deliberations on this subj ect. However, 
Congress decided! not to wait for the results of the study, 
which became available several months after it had voted for 
the ban. 

13 

The final DOT report contained data for selected 
constituents from tobacco smoke and other sources collected 
aboard' commercial flights, as well as a theoretical health risk 
assessment based upon the data. The data on tobacco smoke 
constituents suggest that individuals seated in n onsm oking 
sections are exposed to extremely low levels of those 
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constituents. These data would seem to justify the assumption 
that separate seating minimizes the nonsmoker's exposure to 
cigarette smoke. However, the data also indicate extremely 
high levels of carbon dioxide from passenger respiration on 
the majority of all flights, which in turn suggests the 
possibility of poor ventilation and poor air quality regardless 
of the presence or absence of cigarette smokers. 

In a recent presentation on the DOT study, one of the principal 
scientists responsible for the study recommended that "the 
first question I would! ask is whether or not Congress knew 
that the ETS results were not strongly compelling prior to 
the study's release and as a result preempted the use of the 
results in the deliberations on whether or not to make the 
ban permanent." 14 
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Environments! tobacco smoke (ETS) is formed from agtretus at sidestream and exhaled mean- 
stream smoke diffuse into ambient air. Detailed stadias arc reviewed I which describe how side* 
stream smoke is formed, its acceleration away from the cigarette and its chemical properties. As 
ike smoke streams diffast iito the atmosphere they become greatly diluted and physical and 
ahenucal changes occur. A quarter of the material is sidestream particles evaporates, so that ETS 
nicotine is virtually entirely in the vepour phase, and the particles shrink. As cigarettes are 
smoked, the levels of ETS components rise and I then fall exponentially due to air exchange and 
deposition of smoke particles onto surfacesi The decay of ETS also depends on the particular 
component, with nicotine decaying faster than other substances In real-world environments. ETS 
u found along with chemicals and partidts from many sources. Studies ere reviewed which 
quantify the contribution of ETS to various indoor air environments. These include determination 
of the ETS proportions/ total respirable parades, measurement of nicotine es a specific ETS 
marker, and comparisons of chemicals present it matched smoking and nonsmoking environ* 
menu. The ETS contribution of volatile organic compounds in air is much less than tbit from 
other sources. The review emphasises the need for tobacco specific eaaJyus to he axed as ETS 
markers and/or to apportion ETS particulate swatter from total paniculate matter ta the atmo¬ 
sphere. 


INTRODUCTION 

Environmental Tobacco Smoke, ETS, has received 
considerable attention in recent years, ETS is the 
complex mixture of chemicals found in air as a spe¬ 
cific result of tobacco smoking (Nystiom and Green 
1966). Some reports have claimed that exposure to 
ETS can be harmful to the health of nonsmokers 
(USSG 1986; NRC 1966; ISCSH 1988). This issue 
has been discussed by scientists and epidemiologists 
for over a decade and although knowledge has in¬ 
creased i over this period, it is still the subject of 
scientific controversy (Mantel 1987; Uberia 1987). 

In order to assess ETS properly it is necessary to 
understand some of its chemical and physical 
properties, and to ascertain the concentrations of 
ETS present in typical environments (Repace 1987b; 
Proctor et al. 1989a); 


The aims of this paper are to describe the origins 
of ETS through an understanding of the combustion 
processes occurring within a cigarette, how it builds 
up and then decays in indoor air, and some of its 
properties, This paper considers ETS in relation to 
cigarettes, rather than that originating from cigars 
and pipes. 


ETS results from a combination of sidestream smoke © 
(that which is released from the tit end of the ciga- 10 
rent). and exhaled mainstream smoke (that exhaled CJ' 
by ibe unoker after drawing on the cigarette). both CO 
greatly rjiluted by the ambient air. QQ 

O 

F/ 0 $t> i,i<f»tt/ 0 sm a mo*# 

Sidestream smoke is defined as all the smoke gen- 
crated by a cigarette that is not mainstream. Side- ^ 
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stream smoke is made up of the sidestream plume 
which is emitted from the burning zone during both 
the puff and smoulder periods in an upwards direc¬ 
tion (because of buoyancy), the smoulder stream which 
escapes from the mouth end of the cigarette during 
smoulder, and gases which diffuse out of the tobacco 
rod by diffusion during both the puff and smoulder 
periods (Lipp 1965; Hoegg 1972; Baker 1982), It has 
been estimated that the sidestream plume contribu tes 
about 95% to the total sidestream smoke (Hoegg 
1972). 

Physical and chemical Inspects of the sidestream 
plume in the vicinity of the burning zone of a smoul¬ 
dering cigarette are illustrated in Fig. 1. (In both 
Figs. 1 and 2, % v/v is % volume/volume. It should 
be noted that 1 % v/v ■ 10 mL/L). The data in this 
figure were measured in a variety of experiments 
previously described (Baker 1982; Robinson 1987). 
The position of the sidestream smoke plume was 
obtained by carefully photographing the smouldering 
cigarette under controlled air flow conditions around 
the cigarette. The position of the gas phase pltime 
was obtained in a series of experiments in which 
small sampling probes were placed around the ciga¬ 
rette and connected directly to a mass spectrometer. 
The temperature distribution was measured using small 
thermocouples placed around the burning zone. The 
velocity distribution was measured using a laser Dopp¬ 
ler veiocimeter technique. 

The gas phase temperature distribution outside the 
cigarette is very similar to that obtained earlier by 
Neurath et al. (1966). The positions of the smoke and 
gas phase plumes have also been confirmed using a 
Schlieren optical method described by McRae and 
Jenkins (1987). 

In the smoulder period between the puffs, a natural 
convection flow of air around the burning zone in an 
upwards direction (because of buoyancy) sustains 
burning but at a much lower intensity than during the 
puff. Little change occurs to the external temperature 
and oxygen distributions when the puff is taken (Baker 
1982), indicating that the natural convection stream 
around the burning zoneand into the sidestream pltime 
is only slightly affected by the influx of air during 
the puff. The combustion processes occurring on the 
surface of the burning zone in the convection stream 
proceed independently of those inside. 

The main products in the gas plume are carbon 
monoxide, carbon dioxide, hydrogen and water — 
the concentration distribution of carbon monoxide 
outside the burning zone during smoulder is shown 
in'Fig, 1 and the forms of the profiles of the other 
gases and oxygen depletion ate similar. The carbon 


monoxide plume originates some 3 to 4 mm in front 
of the paper bum line, as do the external temperature 
contours. The carbon monoxide concentration imme¬ 
diately above the burning zone is higher than that just 
inside, and a similar situation.exisis for carbon diox¬ 
ide. Thus, sidestream carbon monoxide and carbon 
dioxide are not formed only by the combustion prod 1 
nets diffusing out of the burning zone — some must 
be formed on the external surface from reactions with 
the oxygen con vected around the coal. 

Fig. 2 illustrates the variations during the smoking 
cycle of the gas concentrations of oxygen, carbon 
dioxide, carbon monoxide and hydrogen at a specific 
point in the sidestream gas plume. This point is situ¬ 
ated 1 mm above the surface of the burning zone, and 
3 mm in front of the paper bum line. The plume 
hydrogen and carbon monoxide concentrations at this 
point increase during the puff while the carbon diox¬ 
ide concentration falls. At the end of the puff, the 
level of all three products increases for about one 
second; This variation is very similar to that found 
inside the centre of the burning zone (Baker 1981). 
and is due to the outward diffusion of those products 
formed inside the burning zone. The small rise in 
carbon monoxide and fall in carbon dioxide during 
the puff are due, at least partly,, to the carbonaceous 
reduction of carbon dioxide to the monoxide, which 
occurs as the temperature in the interior of the burn¬ 
ing zone increases as the puff progresses. When the 
puff ends, the product formation-transmission bal¬ 
ance inside the burning zone is interrupted, resulting 
in a local build-up of gases in their formation re¬ 
gions. These diffuse into the sidestream to deplete 
the local build-up; 

In contrast to the gas phase plume, the sidestream 
smoke plume originates 0-4 mm behind the paper 
bum line, becoming visible at temperatures below 
about 1S0°C (Fig. 1). This is the approximate posi¬ 
tion of the tobacco pyrolysis and distillation region 
inside the cigarette (Baker. 1981). Inside the cigarette 
in this re gion, a concentrated organic vapour is formed. 
During the smoulder period much of it will diffuse 
radially out Of the cigarette through, the partially 
degraded cigarette paper, although some will also 
diffuse axially towards the mouth end of the cigarette 
to form the smoulder stream. As the vapour diffuses 
through the paper to the outside, it is subjected to a 
sudden temperature decrease and dilution. These con¬ 
ditions favour the formation of relatively small aero¬ 
sol particles compared to m ai ns trea m particles. 

Since the sidestream plume is the major contribu¬ 
tor to ETS, the rate at which sidestream smoke is 
transported away from the cigarette into the atmo* 
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Fig. 2. Viriitiott with ume of gidtstrtim $tt coactairttioa 1 ba vertically above cigarette and ♦) mm from paper bun line. 


sphere ultimately determines the rate of build-up of 
ETS components, A derailed determination of the 
velocity distribution of the sidestream plume has 
been made using a laser Doppler velocimeter de¬ 
scribed by Robinson (1987). In this technique, two 
laser beams are focused on a given point in the plume 
and produce an interference pattern at their point of 
intersection. Aerosol particles carried in the plume 
scatter light from the interference pattern and char¬ 
acteristics of this light can be used to calculate the 
velocity of the particles in the plume. The results 
indicate that at a given distance above the cigarette 
there: is a distribution of velocity. That obtained at 
10 mm above the cigarette ia shown in Fig, 1(e) 
together with an estimate of the particle concentra¬ 
tions in the gas and smoke plumes. The peak velocity 
of 410 mm s rl occurs in the gaseous plume, 2 mm in 
front' of the paper burn line. The velocities in the 
smoke plume are generally less than half of this peak 
velocity. 

Measurements at different distances above the cig¬ 
arette show that the plume is accelerating as it rises 
above the cigarette (Fig. 3). This acceleration is ac¬ 
companied by a falling temperature of the plume. The 
falling temperature of the plume with distance above 
the cigarette is aecomapanied by increasing density. 
This, along with the observed acceleration, means 
that there: is a substantial increase in mass flow rate 


in the plume with distance above the: plume. This is 
brought about by air being radially drawn into the 
buoyancy driven, natural convection sidestream'plume 
as it moves upwards. Detailed calculations and math- 
ematical modelling have confirmed that this occurs 
(Robinson 1987; Robinson 1988). 

Also shown in. Fig. 3 are two previous measure¬ 
ments of the velocity of the sidestream.smoke plume, 
that of Neurath et al. (1966) and 1 that of Ayer and 1 
Yeager (1982). Both their values: were single point 
measurements, i.e., they did not show any variation 
of velocity with distance above the cigarette. Clearly 
the actual flow structure of the sidestream plume is 
more complex than these two earlier measurements 
imply, 

In general the same chemicals present in main¬ 
stream smoke are also present in .sidestream smoke, 
though their relative yield per cigarette is highly 
dependent on the compound considered. Some typi¬ 
calsidestream/mainstream ratios are shown in Table 1 
(Baker 1981!; Guerin 1987; Klus and Kuhn 1982; 
Sakuma et al. 1983. 1984a, 1984b; Norman et al. 
1983; Umemura et al. 1986). These ratios were ob¬ 
tained from different studies using different tobac¬ 
cos, cigarette types, methods of collecting the sidestream 
smoke, and air movement conditiont-around the ciga¬ 
rette. These differences will! affect the results; re¬ 
flected by the quoted range fora given compound: in 
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Table 1. Some typical lideitream/mainiirtam (SS/MS) yield raiioi. 


Smoke Component 

, SS/MS: 

Hydrogen cyanide 

1 0.06 - 0:5 

Succinic acid 

0.4- 0.6 

Hydroquinone 

07*1.0 

Neophyudiene 

1.1 • 1,8 

Phenol 

1,6-3,0 

Nicotine i 

1.9*313 

Acetic acid 

1.9-39 

Carbon monoxide 

2.5 - 4:7 

Benzo(a)pyran» 

2.7 - 3 4 

Nitric oxide 

3-13 

Limonene 

4-12 

Toluene 

5.6 

Carbon dioxide 

8-11 

Acroldin 

, 8* 13 

Pyrrole 

9-14 

Naphthalene 

17 

Pyridine 

10-20 

Water 

30 

Ammonia 

* 

* 

—* 
Nl 

o 

Nitrogen 

> 270 _ 1 


the table. However, the data do show that there is • 
very wide range of ratios, varying from 0:06 • 0.5 for 
hydrogen cyanide to over 270 for molecular nitrogen 
formed chemically from the tobacco. Of course, one 
to four times more tobacco is burnt in smoulder than 1 
during puffing, depending on the cigarette parame¬ 
ters. Thus, some of the ratios in Table 1 (e.g;, phenol 
and nicotine), simply reflect the proportions of to¬ 
bacco burnt to the two smoke streams. However, 
there are many substances which > distribute them¬ 
selves so predominantly to one stream or the other 
that the reason cannot be due to differences in to¬ 
bacco consumption. The reasons Vie in the different 
conditions of temperature and mass transfer rates 
existing in the cigarette burning tone during smoul¬ 
der and puffing, and the exact mechanism by which 
different components are formed or released from the 
tobacco. 

During a puff, air is drawn inu>' the peripheral 
regions of the burning zone, solid phase temperatures 
in excess of 900°C are reached and it is largely the 
periphery of the cigarette that burns (Baker 1981). 
When the puff ceases, the periphery of the burning 
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zone cools rapidly to about 600°C, air is converted 
into the back of the burning zone and the axial por¬ 
tion of the tobacco rod is preferentially consumed 
during about the first twenty seconds of smoulder. 
The temperatures in the centre of the burning zone 
are in the region of 800°C and only increase by 
SO • 80°C as the puff progresses. The major combus¬ 
tion products, carbon dioxide, carbon monoxide and 
water, are formed in the high temperature (> S00°C) 
region of the burning zone. However; the vast major¬ 
ity of smoke species are formed by pyrolysis/distil- 
lation processes in a relatively low temperature 
(< 500°C) oxygen deficient region, just behind the 
combustion zone in the region of the paper burn line. 
The concentrated organic vapour so formed is drawn 
down the tobacco rod during the puff to the main¬ 
stream and largely diffuses radially out of the rodl 
during smoulder to form the sidestream smoke. 

Hydrogen cyanide is formed via decomposition of 
nitrates and amino acids. The predominance in the 
mainstream must reflect a high temperature forma¬ 
tion mechanism with sufficient temperatures hardly 
being attained during smoulder. On the other band, 
ammonia, which is formed from the reduction of 
nitrates and pyrolysis of glycine, is delivered pre¬ 
dominantly to the sidestream. Sufficient tempera¬ 
tures must exist during the smoulder period for the 
pyrolytic generation of the ammonia. Vapour phase 
water is also delivered almost exclusively to the 
sidestream and is believed to be derived from oxygen 
reacting with pyroiyiically-generaied hydrogen as it 
diffuses into the sidestream plume (Johnson 1975). 
Thus, the exact ratio in Table 1 very much depends 
on the mechanistic origin of each component. 

The pH of mainstream and sidestream smoke also 
differs, with sidestream smoke being generally more 
alkaline. For example, the pH of the mainstream 
smoke of a U.S. blended cigarette is typically in the 
range 6.0 to 6.2 and that of the sidestream is in the 
range 6.7 to 7,5 (Brunnemann and Hoffmann 1974); 
In this study, the pH was determined by passing 
smoke over a sensitive combination electrode con¬ 
nected! to a pH meter. The observed sidestream and 
mainstream difference are due to the predominance 
of basic components in the sidestream; e.g., ammo¬ 
nia; pyridine and nicotine, and carboxylic acids and 
phenols in the mainstream smoke. (However, pH is a 
concept applicable to aqueous solutions and strictly 
speaking it is not meaningful to give too much sig¬ 
nificance to the pH of a suspension of aerosol parti¬ 
cles). 

The mean size of the aerosol particles in side¬ 
stream smoke is smaller than in mainstream smoke. 


Thus, Okada et all (1977), using a light scattering 
technique, reported mainstream; particles; to have a 
geometric number mean diameter of Oil 8 pm and 
sidestream particles of 0.12 pm. The mean size of the 
mainstream panicles is smaller than that reported in 
other studies using other measurement techniques, 
cited by Okada et al. (1977). However, the relative 
size distributions of the mainstream and sidestream 
particles are seemingly authentic. The different size 
distributions for the two smoke streams must reflect 
the different rates of cooling and levels of air dilution 
to which their precursor vapours are subjected. 

In mainstream smoke. Browne andco-workers (1980); 
have shown that nicotine is almost entirely in the 
particulate phase. This also is true for fresh, concen¬ 
trated sidestream smoke (Proctor 1988a). though nic¬ 
otine seems to transfer rapidly to the vapour phase as 
the smoke stream ages and becomes diluted (Eudy et 
al. 1986; Eaiough et al. 1986.1989). 

Sidestream smoke yields will be dependant upon, 
the weight of tobacco burnt during smoking, the con¬ 
struction of the cigarette, and the way imwhich it is 
smoked. However, typically, a conventional cigarette 
will yield around 600 mg of CO], 4.5 mg CO, 5 mg 
of nicotine, and 25 mg paniculate matter (water and 
nicotine subtracted) per cigarette in sidesireanvsmoke. 

Exhaled mainttraam amoka 

Few authors have considered exhaled mainstream 
smoke (EMS) as anything other than a minor contrib¬ 
utor to ETS (Nystrom and Green 1986). Work re¬ 
cently completed in our laboratory suggests that the 
role of exhaled mainstream smoke should be consid¬ 
ered in more detail. A variety of smokers were stud¬ 
ied under carefully controlled conditions, smoking 
three types of cigarettes. These were a typical fil¬ 
tered British flue-cured cigarette tl5 mg mainstream 
paniculate delivery), a typical filtered case flavoured 
U.S. blended cigarette (14 mg), and a low delivery 
(3 mg) filter ventilated flue-cured'cigarette. For each! 
experiment three subjects smokedone cigarette type 
in their normal manner in a 30 m? chamber. This was 
repeated on three occasions for each of the cigarette 
types. For each experiment the maximum concentra¬ 
tions were determined for particulate matter (as mea¬ 
sured by a piezobalance. TS15000), nicotine (Tenax 
trapping, GC-MS analysis) and carbon monoxide (by 
non-dispersive infrared spectroscopy). 

Subsequently, cigarettes were smoked by machine 
(set at average parameters to mifffimte human smok¬ 
ing) with mainstream smoke exhausted fromthe room. 
Hence the ETS from sidestream smoke alone was 
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Tabic 2 Mean contribution! of c&hclcd maimircam smoke (EMS) 10 ETS 



Contribution of EMS {%) to 

Cigarette 

ETS 
Carbon 
Mono* tde 

ETS 

Particulate 

Phase 

ETS 

Nicotine 

i 

FlutfCured 

i 

11 

43 

7 

! 

US-blended 

13 

15 

9 

Filter Ventilated 

3 

| 20 

1 


compared to ETS produced by humans, including 
exhaled mainstream smoke. 

Table 2 presents the summary data for the three 
cigarette types. It can be seen that exhaled main¬ 
stream smoke contributes little to the gas phase of 
ETS and that this contribution is dependant upon the 
mainstream delivery of the cigarettes studied. How¬ 
ever. EMS does significantly contribute to the ETS 
particulate phase. It is thought that particulate matter 
is retained by the smoker to a greater extent than 
carbon monoxide, and hence it would be expected 
that the EMS particulate contribution would be less 
than observed (Creighton 1973). The results may 
then indicate that EMS panicles are more stable (per¬ 
haps larger and containing more water) than fresh 
sidestream i par tidies. 

AGEING OF TOBACCO SMOKE 

As sidestream and exhaled mainstream smoke dif¬ 
fuse into the atmosphere and away from the cigarette 
and smoker, they become ETS. The originally con¬ 
centrated sidestream and exhaled mainstream smoke 
streams become greatly diluted, the sidestream smoke 
cools and accelerates (Figs. 1, 3). and various phys¬ 
ical and chemical changes occur in the smoke. 

A variety of studies (Eatough et all 1986, 1987; 
Eudy et al. 1986; Hammond et all 1987) have shown 
that the nicotine in ETS is almost entirely in the 
vapour phase. Since ETS nicotine originates almost 
entirely from sidestream smoke (see Table 2), then 
nicotine in the fresh sidestream particles must rap¬ 
idly evaporate out of the particles as the smoke ages 
during initial dilution. 

Studies by Pritchard and co-workers (Black et al. 
1987; Pritchard et al. 1988) have also shown that 
matter is evaporated from fresh sidestream particles 
as they are diluted to form ETS. They loaded 
1-iodohexadCcane labelled with >3I I onto cigarettes. 
This material has a boiling point of 380 e C, typical of 
that of components found in smoke particles. When 


fresh sidestream smoke was collected from the smoul¬ 
dering, loaded cigarette using a 'fish-tail’ chimney 
collection system described elsewhere (Proctor et al. 
1988a) it was found that S% of the sidestream radio¬ 
activity was found in the vapour phase and 95% in 
the particulate phase. On the other hand when the 
cigarette smouldered in a 1 steel chamber of 14 m 3 
internal volume. 70% of the airborne radioactivity 
was found to be in the vapour phase, and:subsequent 
radiochemical analysis indicated that there had been 
no chemical degradation of the 1-iodohexadecane in 
the environmental chamber. Thus, the material had 
evaporated out of the sidestream panicles during 
dilution to form ETS. 

Ingebrethsen et al. (1985; 1986) have independently 
estimated that 20 to 30% of: the original matter in 
sidestream panicles is lost by evaporation during the 
ageing of ETS. This estimate was calculated from 
measurements of the number and sizes of sidestream 
particles diluted in a stirred 0i5 m 3 stainless steel 
chamber. The size distribution measurements were 
made by Ingebrethsen and Sears (1985) using a com¬ 
bination of an optical particle counter, an electro¬ 
static mobility analyser, and a.condensation nucleus 
counter. Sidestream smoke was introduced 1 into the 
0.5 m 3 chamber and diluted, and the number and sizes 
of the particles monitored over six hours. The esti¬ 
mated initial mass loss by evaporation of the smoke 
particles during about the first hour of ageing re¬ 
sulted in ETS particles with a mean number diameter 
of 0.098 pm at typical ETS concentrations (several 
PI m' 3 paniculate matter). This is equivalent to a 
mass median diameter of 0.185 pm. As the ETS aged 
over the next few hours in the stirred chamber; there 
was a slow but gradual increase in mean mass median 
diameter: 20% increase ov er.1% h ours. This is due to 
a combination of coagulation of particles: and re¬ 
moval of smaller particles by deposition onto sur¬ 
faces of the chamber. Surface deposition of ETS is 
the main route of removal in a static environment and 
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» * function of panicle size, mixing rite, room size, 
and shape. 

In addition to physical changes, chemical changes 
ailso occur as ETS ages. Thus, for example, nitric 
oxide slowly oxidises over minutes and hours to 
nitrogen dioxide in ETS (Piadd and Fink 1987; Klus 
et al. 1987; Baker et al. 1988): However, these chem¬ 
ical changes, and indeed the panicle size changes 
described above, will be far outweighed by the phys¬ 
ical effects of air movement which will occur in real 
indoor environments. These effects are described in 
the next section. 

BUILD-UP AND DECAY OF ETS CONSTITUENTS 

As cigarettes are smoked in a room, the levels of 
ETS< components in the room rise and then fill due 
to air circulation, room ventilation and, to a lesser 
extent; interactions of the ETS constituents such as 
deposition of smoke panicles onto surfaces in the 
room: It is normally not practical to measure the 
dynamic build-up and decay of ETS constituents in 
real-life environments.and for such information spe¬ 
cially constructed environmental rooms are used. In 
such rooms, the temperature, relative humidity, air 
circulation rate, and fresh air input can be varied over 
a widfe working range and the observed dynamic ETS 
levels related; to room environmental conditions. A 
number of studies in such rooms has been published 
in.recent years (Hoegg 1972; Cain and Leaderer 1981; 
Case 1985; Blake eral. 1986; Heavner et al. 1986; 
Ingebreihsen et al. 1986; Black et al. 1987; Eatough 
et al. 1987; Hiller et all 1987; Olander et al. 1987; 
Piadd and Fink 1987; Pritchard etal. 1988; Rawbone 
et al. 198?a. 1987b; Vu Due and Huynh 1987; Baker 
et al. 1988) or in standard offices with controlled 
environments (Klus et al. 1987). 

Typical results from one study (Baker et all 1988) 
are illustrated in Fig. 4. In this study the ETS was 
produced.from the sidestream smoke of oonventilated 
filter cigarettes containing flue-cured tobacco smoked 
under standard smoking machine conditions in a 
30 m 3 chamber. The chamber walls and ceiling had 
an impervious painted plas tic Finish and the floor was 
constructed of heavy duty non-slip PVC. Further de¬ 
tails of the chamber have been given elsewhere (Case 
1985; Baker 1988). Room conditions and number of 
cigarettes smoked were varied over the following 
ranges: temperature, 15-3Q°C; relative humidity; 
55-85%; room air circulation, 1-27 air changes per 
hour; fresh air, 8-25%; number of cigarettes, 2-8. 

During an.experiment, samples of air were contin¬ 
uously removed from the room andlanalysed for par¬ 
ticulate mailer (using a TS1 Model 5000 piezobalance 


fitted with a 3.5 pm filter situated in the room), 
carbon monoxide and carbon dioxide (using non- 
dispersive infrared spectroscopy), nitric oxide, and 
nitrogen dioxide (using chemiluminescence), hydro¬ 
carbons (using flame ionisation); and particle; size 
and number distributions (LAS-X laser aerosol spec¬ 
trometer). For nicotine determination, time weighted 
average values were obtained over the five minute 
periods by sampling the air through thermal desorp¬ 
tion tubes containing Tenax and subsequent analysis 
by gas chromatographyrtnass spectrometry. Room tem¬ 
perature and relative humidity were also monitored 
during each experiment. The data from all the instru¬ 
ments were monitored on a, microcomputer, taking 
data points every 30 seconds. All results presented 
are corrected for background readings. 

Individual data points are included on some of the 
profiles in Fig. 4 to indicate the precision of measure¬ 
ment. The signal to noise ratio for most of the instru- 
ments was better than 20: l.although that for nitrogen 1 
dioxide and total hydrocarbons was 5:1 and 10:1 
respectively, due to the analysers being operated at 
maximum sensitivity. The coefficients of variation of 
all the profiles over five replicate experiments were 
better than 5%. 

In Figs. 4 and 5, gas concentrations are quoted in 
mg m' 3 or pg m‘ 3 . Ii is, however, common; practice 
in studies on ETS to use the units 'parts by volume 
per million’ (ppml. which is equivalent to pL/L in the 
metric system of units, especially for carbon monox¬ 
ide levels — see; for example, the review by Repace 
(1987b). The exact conversion factor depends on gas 
density, and for carbon monoxide at room tempera¬ 
ture and pressure, 1 mg m' 3 • 1.15 ppm. 

All the measured ETS components in Fig. 4!reach 
a maximum concentration at the end of smoking and 
then decay exponentially at a first order rate. i.e., 
decay rate is proportional to component concentra¬ 
tion, as indicated by linear log* concentration/time 
plots (not illustrated). The nicotine profile appar¬ 
ently reaches a plateau after it has decayed to about 
20% of its maximum valbe. The profiles for particle 
number concentration and aerosol' mass are almost 
exactly parallel, as are the profiles for carbon mon¬ 
oxide and carbon dioxide. The count median diame¬ 
ter of the ETS aerosol particles remained constant at 
0.13 pm as the ETS built op and decayed over the 
5000 seconds of the determination. This is larger than 
that reported by Ingebreihsen and Sears (1985) in; 
their 0.5 m 3 chamber, due to the laser aerosol spec¬ 
trometer in the current study not measuring the small 
particles below 0.1 pm which were included in In- 
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gebreihien and Sean’ combined technique described 
etriier. 

For nil the components studied, the petk ETS con* 
centration (or time*weighted average for nicotine) 
increases linearly with the number of cigarettes smoked 
for 2 to 8 cigarettes. This linear relationship has been 
observed previously with up to 30 cigarettes smoul¬ 
dered (Hoegg 1972; Case 1983; Blake et al. 1986): 
Using two types of experimental cigarettes with niter 
ventilation levels of 20 and 30%, Blake and co-work* 
ers (1966) have demonstrated the linear relationship 
for the following ETS components; carbon monox¬ 
ide, nitric oxide, nitrogen dioxide, hydrogen cyanide, 
ammonia, formaldehyde, phenol, each of the three 
cresols, nicotine and aerosol panicle mass. 


The time taken for the peak ETS concentration to 
decay back to the background level depends on the 
environmental conditions. Fig. 3 illustrates the effect 
of air exchange rate (equal to room air circulation 
rate multiplied by the fraction of fresh air admitted 
to room) on the decay of carbon monoxide. Clearly, 
air movement has a large effect on the decay, as 
expected from mathematical considerations (Repace 
1987a; Robinson 1988). The effect of air exchange 
rates on the half-life times of ETS components, ob¬ 
tained from profiles similar to those in Figs. 4 and 5 
is illustrated in Fig. 6 over the sixteen sets of envi¬ 
ronmental conditions used in the study. 

Half-life time is defined as the time to decay to- 
half the value of the maximum concentration. Half- 
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life times for nicotine were not obtained under all the 
conditions in the study, and in general are much 
smaller than the values for the other components, and 
much less influenced by the air movement. They are 
also less accurately defined, since they are based on 
average levels over five-minute periods rather than 
continuous measurements, and since nicotine is de¬ 
caying relatively fast. Similar tire values for nicotine 
can be obtained from the decay profiles reported in 
other studies: values of 10, 14 and 23 minutes from 


Eudy and co-workers' profiles (1986) and 16 and 
23 minutes from the profiles of Rawbone and co¬ 
workers (1987a). Variation of the environmental temr 
perature (15-30 # C) and relative humidity (55-85%) 
had a negligible effect on the \\n values (detailed 
results not illustrated). 

For a given set of environmental conditions; the 
trends in Fig. 6 indicate that the relative lift values; 
of the ETS components are in the order: 

NO: » CO ■ CO: > NO • toul hydrocarbons > 
aerosol mass > nicotine 

The decay rates of the carbon oxides depend solely 
on the effects of air change rate and 1 fresh air input 
(Piadd and Fink 1987) and their levels in ETS remain 
constant when there is no air movement (Heavoer et 
al. 1986; Hiller et al. 1987). Where a component has 
smaller tift values than carbon monoxide there must 
be some mechanism other than just air movement 
depleting its levels — chemical or physical. Nitric 
oxide tvi/a values are on average significantly less 
than those for carbon monoxide, and nitrogen dioxide 
tt/a values are significantly higher, at the 90% con¬ 
fidence level. This is due to the conversion of nitric 
oxide to nitrogen dioxide in the ambient air; as pos¬ 
tulated by others (e.g., Piadd and Fink 1987; Kluset 
al. 1987). 

2NOpO:-» 2NO: (H 

In fact; using the experimental data on ETS nitric 
oxide and nitrogen dioxide decay levels it can be 
shown that the rate constant for reaction (!) in ETS 
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is almost an order of magnitude higher than that for 
the pure gas phase conversion but similar to that in 
the gas phase of mainstream smoke (Baker et al. 
1988), Thus, in ETS, and the gas phase of mainstream 
smoke, the oxidation of nitric oxide is catalysed by 
substances which are not known. 

The smaller values of 11/3 for aerosol mass than 
carbon monoxide must be due to deposition of the 
particles onto the surfaces in the room. The very 
much smaller values for nicotine could be due to 
adsorption of nicotine vapour onto the surfaces — 
since, as indicated in the preceding section, nicotine 
in ETS is largely in the vapour phase. 

REAL-LIFE LEVELS OF ETS COMPONENTS 

Although ETS originates from sidestream and ex¬ 
haled mainstream smoke, the great dilution and other 
changes which these smoke streams undergo as they 
form ETS make their properties significantly differ¬ 
ent from those of ETS. Thus, the sidestream/main- 
stream ratios quoted in Table 1 can be misleading if 
used out of context. The important question is not the 
ratio of sidestream/mainstream but rather what is the 
concentration of the constituent in the indbor envi¬ 
ronment and bow does it compare to levels from 
sources other than ETS, Studies based solely on ob¬ 
servations of fresh sidestream, or highly and unreal¬ 
istically concentrated ETS, should take into account 
the possible differences between these smokes and 
ETS found in real-life situations. 

The previous sections have described how the con¬ 
centration of ETS in a room will depend upon many 
factors such as the number of cigarettes smoked; how 
they were smoked and what type they were, and on 
the size and ventilation conditions in the room. The 
situation is further complicated in the real world by 
the fact that ETS is only one contributor toindoor air 
containing chemicals arising from multiple sources 
(Proctor et al, 1988b). All indoor air environments 
contain numerous chemicals as a result of emissions 
from, for example, building materials, furnishings, 
cooking and healing fuels, and consumer products 
(NRC 1981). Many of the chemicals associated with 
ETS will also be present as a result of such sources 
(Jenkins and Gkterin 1984; Proctor eial. 1988a, 1989a, 
1989b); 

Hence, in order to determine potential exposures 
to ETS, it is essential to employ methods that allow 
a distinction between substances present as a result 
of tobacco smoking and substances present as a result 
of the other various sources. One approach is to 
identify a chemical marker that ii specific, or at least 
indicative, to ETS (Haley et al. 1988). 


2«1 


Much early research used carbon monoxide con¬ 
centrations to assess ETS levels (Sterling and 1 DimiCh 
1982), However, there are many sources of carbon 
monoxide, such as gas cookers or beaters, open- 
fires, or motor vehicle emissions drawn in from 
outdoors, and it is not possible in real-life situa¬ 
tions to segregate the ETS: contribution from this 
background (NRC 1981; Girman and Traynor 1983; 
Haley et al. 1988). 

Nicotine is far more specific, and bad been usedi 
in recent years. The presence of nicotine in air is 
almost certainly indicative that tobacco smoking is. 
or has been taking place. Typically indoor, levels 
range from 5 to 70 pg m‘\ 

However, it should be noted 1 that the behaviour of 
nicotine in ETS it somewhat unusual when compared 
to many of the other constituents. Nicotine is primar¬ 
ily a vapour phase constituent in ETS, though a small 
portion (around 2%) will be found associated with 
the particulate phase (Eatough et al. 1989), Research 
has shown that the nicotine decays rapidly from an 
atmosphere in comparison even to other vapour phase 
constituents of ETS (Nystrom and Green 1986; Eatough 
et al. 1989 and Fig. 4 of the presentpaper). Moreover, 
it is also likely that some nicotine adsorbed onto 
walls and furnishings will he re-emitted. If this were 
to be the case, then areas where smoking had not 
taken place for some time might'still exhibit.a low 
level of airborne nicotine. 

Even so, nicotine is currently the most useful spe¬ 
cific chemical marker for ETS, and many fieldstud- 
ies have utilised its measurement. For example, 
Thompson et all (1989) found airborne nicotine concen¬ 
trations in restaurants ranged from 0.5 to 37:2 |tg m'* 
with a geometric mean of 3.5 pg m'\ In offices, 
Hammond et al. (1987) found personal 1 exposures to 
nicotine (nonsmokers) ranging from 3.1to 28:2 pg m' J , 
whilst Chrson and Erikson, (1988) using fixed site 
monitoring, in a study of 31 offices in Ottawa found 
airborne nicotine geometric mean to be 7.2 ug m* J 
(range <1.2 to 69,7 pg m' , >. Research undertaken by 
our laboratory found similar levels of airborne nico¬ 
tine with a median of 3.1' tig m' J (range 0.6 to 
26 pg m' s ) in smokers' offices, 15.5 |ig m‘ J (range 
0.6 to 49.3 |ig m* } ) in smoking-allowed train com¬ 
partments, and 18 |ig m'* (range 3 to 57 jig m°) in 
betting shops (Proctor et al. 1989a, 1969b). 

Respirable suspended part iculat es (RSP) have also 
been determined in indoor air in relation to ETS. 
Virtually all ETS particulate matter will be in the 
respirable fraction (i.e., less than 3.5 |tmi diameter) 
of airborne paniculate matter. 
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However, in real-world situations, ETS will sel¬ 
dom'be the sole source of particulate matter. Hence 
it'is imporuni to try and estimate the proportion of 
particulate matter relating directly to ETS. rather 
than just measuring total paniculate matter, One of 
the most' frequently referenced papers is the work of 
Repace and Lowrey (1985). Their research suggested 
that a typical nonsmoker working in an ofTice build¬ 
ing: in the U.S. would be exposed daily to average 
concentrations of pariicuUte matter due specifically 
to ETS of 242 tig m' 3 (range 100 to 1000 tig m J ). 
However, Samel et al. (1987) suted that surveys of 
indoor air quality based on measurement of loul 
suspended paniculate concentrations (such, presum¬ 
ably, as the Repace and Lowrey study) will not readily 
identify the excess mass indoors from environmental 
tobacco smoke. 

Some researchers have attempted to develop more 
specific methodologies for the determination of 
the ETS proportion of total RSP. One method 
extracts respirable paniculate matter collected on 
teflon coated filter pads, and subsequently analyses 
the extracts for their ultra-violet (UV) absorbance 
at 325 nm. By using a surrogate standard. 2,2 1 .4,4 1 - 
tetrahydroxybenzophenone, calibrated against ETS 
formed in controlled! conditions, an estimate of the 
ETS contribution to particulate matter can be made 
(Thomas et al. 1989). This measure has been termed 
UV-RSP, and will often be an over-estimate, as smoke 
of the particulate matter in indoor air originating 
from sources other than ETS will also result in UV 
absorbance. 

An alternative method, based on the same philos¬ 
ophy; analyses the methanol extracts of collected 
paniculate matter for fluorescence (Thomas et al. 
1989). Sample solutions are calibrated against dilute 
mainstream tobacco smoke solutions, and the method 
is suggested to have a greater sensitivity and selec¬ 
tivity than the UV-RSP measure. 

A more specific paniculate marker may be the 
compound! solanesol. This substance is present in 
relatively high levels in tobacco and is transferred 
intact to sidestream smoke (Ogden and Maiolo 1988). 
However, it should be noted that different types of 
tobacco contain different levels of solanesol and hence 
the ambient concentration will be dependant not only 
on the number of cigarettes smoked but also, to some 
extent, on which brand of cigarettes was smoked. 

Relatively few studies have published data using 
these paniculate partitioning methods. Our data 
from offices, train compartments, and betting shops 
(Proctor et al. 1989a, 1989b) suggest that, although 
ETS does add to the particulate levels in indoor 


environments, it may not always be the predominant 
source, and is unlikely to be the sole source. In 
smokers’ offices a median RSP level of 91 gag m' 3 
(range 33 to 260 gag m' J ) was found, though, the 
corresponding UV-RSP data (the estimate of ETS con¬ 
tribution) gave a median value of 24 gig m‘ 3 (range 
0.5 to 75 pg m* 3 ). This would suggest that in a 
relatively well ventilated office environment, ETS 
was contributing approximately, on average, 265b to 
the toul RSP level. In smoking allowcd-train com¬ 
partments, a median RSP level of 249 pg m' 3 
(range 71 to 325 pi m' 3 ) was;identified. The corre¬ 
sponding UV-RSP dau here were a median of 70 pg 
m’ 3 (range 13 to 110 pg m* 3 ). This would suggest an 
approximate 28% contribution of ETS totoul partic¬ 
ulate matter. In betting shops (smoking allowed) the 
median RSP was 284 pg m' 3 (range 73 to 767 pg m' 3 ) 
whilst the median UV-RSP was 109 pg m' 3 (range 37 
to 610 pg m' 3 ); an approximate ETS contribution of 
38%. This research suggests the necessity for future 
studies to attempt to apportion ETS paniculate mat¬ 
ter from toul paniculate matter. 

Although ETS conuins many chemicals, research 
has been unable: to identify, good chemical markers 
apart from nicotine and ETS-spec:ific RSP mea¬ 
sures. Eatough et al. (1989)' have suggested' that 
3-ethenylpyridine, myosamine. nitrous acid'and pyr¬ 
idine may be possible markers: for ETS gas phase, 
though more research is necessary to determine the 
validity of these subsunces. 

An alternative approach to determining the contri¬ 
bution of ETS to an environment is to compare di¬ 
rectly smoking and: nonsmoking situations. In order 
to do this successfully, it is essential to match closely 
the factors impacting on the environments; for exam¬ 
ple smoking and nonsmoking situations shouldbe of 
similar size, ventilation conditions, occupancy, fur¬ 
nishings, etc. This maybe achieved by selecting sites 
within the same building,.or by uking large numbers 
of sites for a particular environmenul category. For 
example, Spengler et al. (1981) measured toul RSP 
values in 80 homes to conclude that a smoker of 
20 cigarettes per day would contribute 20 pg m' 3 to 
24-hour indoor particulate concentrations. This type 
of approach is most usefully undenaken. using ETS 
specific markers, but it may also identify differences 
in the levels of nonspecific chemicals associated with 
ETS. In the U.S. Environmenul Protection Agency's 
Total Exposure Assessment M ethodol ogy (TEAM) 
study, levels of some airborne volatile organic chem¬ 
icals (VOC) were suggested to be higher in smokers' 
homes than in nonsmokers' homes (Wallace et al. 
1987). Other small studies have beeniunable to dis- 
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tinguish between the VOC levels in smokers* and 
nonsmokers' offices (Bayer and Black 1987; Proctor 
et al. 1989b). 

Fig. 7 illustrates a comparison of volatile chemi¬ 
cals in the sir of * smoker’! and a nonsmokers’ office 
in the same building. The chromatographic profiles 
were acquired by drawing air through a sampling 
tube containing Tenax TA adsorbent for an hour sam¬ 
pling period. VOCs are trapped on the Tenax. and 
recovered for analysis by subsequent thermal desorp¬ 
tion— capillary gas chromatography — mass spec¬ 
trometry (Proctor et at. 1988b). The two offices were 
virtually identical, apart from the presence of 
one smoker (who smoked 3 cigarettes during the 
sampling per-od), and three nonsmokers in what is 
termed the smoker’s office, and the presence of four 
nonsmokers in the other office. The nicotine peak in 
the smoker's office corresponded to a level of 6 tig m‘ J . 
Apart from nicotine, a detailed analysis, using mass 


spectrometry revealed a similar range of volatile or¬ 
ganic compounds (such as benzene and styrene) and 
similar concentrations of these chemicals in both the 
smoker’s and nonsmokers* office. This finding is not 
surprising, as the nicotine peak would have to domi¬ 
nate the chromatographic profile in order that the VOC 
contribution from ETS could be detected above the 
background level (nicotine being the predominant 
ETS-associated volatile). A small amount of nicotine 
(0.3 tag m' J ) was found in the nonsmokers’ office, but 
the similarity In VOC levels between smoking and 
nonsmoking situations is not due to recirculation of 
chemicals from 1 smoker's offices because both 
UV-RSP and nicotine levels in the nonsmoking areas 
were far lower (by a factor ,of ,ji least 10) than in 
smoking areas. 

Hence, the accurate assessment of ETS in real-life 
situations relies upon the use of specific: chemical 
markers to distinguish the ETS contribution from the 
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domical background, arising from various sourots* 
4 kai is present whether smoking is taking place or, 
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■ Environmental tobacco smoke (ETS) has been analysed 
with respect to several components following smoking of 
research cigarettes in an experimental chamber. Param¬ 
eters enabled and their airborne yield per dgarette in¬ 
cluded particulate matter (10 mg) and its mutagenic ac¬ 
tivity in e Salmonella bioassay, carbon monoxide (67 mg), 
nitrogen oxides (2 mg), nicotine (0£-3^ mg), formaldehyde 
(2 mg), acetaldehyde (2.4 mg); ecrolein (0.56 mg), benzene 
(0.5 mg), and several unseturated aliphatic hydrocarbons 
(e.g., 1,3-buU diene ) of which isoprene (3.1 mg) had the 
highest yield. ETS from commercial cigarettes was like¬ 
wise analyzed in the experimental chamber and at a public 
location. The relative component compoeition for ETS it 
similar when generated from either re se a r ch or commercial 
cigarettes. All components analyzed were present at 
concentrations above the background concentrations. 
Isoprene might be utilized as s tobacco smoke tracer for 
unsaturated aliphatic hydrocarbons. 


Introduction 

Environmental tobacco smoke (ETS), which is derived 
primarily from sidestream smoke emitted between puffs, 
is a major contributor to in door air pollution wherever 
smoking occurs (J, 2). ETS differs both chemically and 
physically from the precursor sidestream smoke, presum¬ 
ably due to chemical and physical transformations that 
occur as the mixture is diluted and aged Chemical 
characterization studies have focused on mainstream and 
sidestream smoke (1). Data are lacking, however, on the 
presence and concentration of potentially toxic and car¬ 
cinogenic components i n tob acco-smoke-polluted indoor 
environments. An ideal ETS tracer sir contaminant is not 
available for total ETS exposure (2), although nicotine is 
the best available tracer. 

In this study we investigated the concentration of a 
number of genotoxic components as well as potential 
tracers of ETS under controlled and environmental con¬ 
ditions. Some of the components measured are routinely 
monitored air pollutants including carbon monoxide, ni¬ 
trogen oxidsa, and particulate matter. A series of aldeh¬ 
ydes and alkenes were measured in these studies, including 
several that are carcinogenic. The mutagenicity of the 
particulate phase was assayed in Salmonella typhimurium. 
Nicotine was measurd aa an ETS tracer. Indoor chamber 
experiments were performed et the EPA facility at the 
University of North Carolina, Chapel Hillj partly in con¬ 
junction with studies on the urinary cotinin* (nicotine 
metabolite) concentration andl excretion rate in young 
childten following exposure to sidestream cigarette smoke 
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(5). Indoor measurements were also mad* in a tavern. 
Experimental Section 

Chamber and Smoking. The teete were performed in 
a 13.6-m* Plexiglas chamber W) set at a ventilation rate 
of 3.55 air changes h~ l ; in addition, air removed by the 
sampling added ^OiO air change# h" 1 . The air in the 
chamber was circulated by a fan at LdSm’V 1 . Tbs tem¬ 
perature and the relative humidity are given in Table L 

Raaaarch cigarette* of the type 2Rl (5); which had been 
equilibrated at 22 *C at 60% relativity humidity for 48 h, 
were smoked by machine (RM30, Heinr. Borgwalt, Ham¬ 
burg, FRG). One cigarette was lighted every 30 min and 
was smoked with a 35-mL puff of 2 s every minute until 
extinguished after —12 min. Mainstream amok* was 
vented to the outside of the chamber. The cigarettes 
weighed —1.2 g, of which 0£-1 l 0 g was consumed. 

One adult and one child were present in the chamber 
during the 4-h tests in the first series of nine experinwnts. 
Six additional experiments were performed with the re¬ 
search cigarette* smoked by machine later in a second 
series, including two testa with no smoking, two tests (13 
and 14) similar to the first series, (one cigarette every 30 
min), and two testa (15 and 16) with one cigarette every 
15 min. In tests 15 and 16, decay of componants in the 
chamber was measured. Subsequently, in s third series 
of chamber teste; the emissions from two different com¬ 
mercial cigarette brands (A and B, both low-tar and - 
nicotine brands) win analysed in the chamber with regular 
smoking by one person witbout any applied ventilation. 

Sampling and Analysis. Particl e S ampling and 
Analysis. Total suspended particles (TSP) were collected 
in duplicate on preweighed Teflon-coated glass fiber filters 
(Pallflex) at 1.7 m* hr 1 by modified Anderson sampters 
consisting of the 10-mm preeeparstor and the backup filter. 
TSP was also measured continuously by an Electric Aer¬ 
osol Analyzer, EAA (Thermo-System, Inc., Model 3030), 
withmemurementstaken every 9or lOmin. Particles were 
also collected in triplicate with personal sampling pumps 
(Modal P400Q; Du Pont, Kennett Square, PA) at 1.7 and 
3 L mint 1 ! 

Nicotine. Nicotine was collected on bisulfste-impreg- 
nated fibers (6) plhced dow n stream from the partide fibers 
on the personal samplers (first series) or on both Anderson 
and personal samplers (second series). Extraction and gas 
chromatography analysis of nicotine was performed as 
described by Hammond et aL (6). 

Particle Mutagenicity. The filters were extracted by 
sonkation in dkhloroznethane, and the extract was brought 
to a fixed volume. Aliquots of the solution wart distributed 
into 4-mL vials together with 5 jtL of dimethyl sulfoxide 
(DMSO) and then evaporated by nitrogen gas at 35 *C. . 
The vials were kept capped at -20 *C unt il bioassayed. 

The mutagenicity was determined t^TSkroauspension 
assay developed by Kado et aL (7) and modified by De- 
Marini et al. (in preparation) using So Imonella TABS in 
the presence of SB (6). The microsuspenaion was modified 
by using a bacterial suspension concentrated 5 times in- 
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Table L Annit Ckabr CAMMinttei (*8D> and Anrifi AJrberme Tlelda fer CtrWi MiMxMt, Nftu««*e Oxide*, Total 
gutpoadod Piftldw, ytitkii Miianidti, art Nleedae daring 8 mUI| »f OnOpmu Inry M MIbiim (Tnti M, U, 
ud 14) sad Iwy IB Miamtee (Taste 1 Iib 4 1I) la a IU-b 1 Chamber wiU u Air belli* if ill Ir*. 


component 

series 11-9 

twiee D 18 sad 14 

15ead 16 

airborne yield per dga 

relative humidity, % 

53 A 4 

39* 1 

34*0 

ft 

temperature, *C 

34*04 

33*0 

23*0 

ft 

car boo monoxide, mg/a* 
nitric oxide, ag/m” 

148 a cm 

1.79 * 041 

4.78*041 

87 mg 

ss.0 a s.0* 

81.0*18 

139*6 

ft 

nitrogen oxide*/ J»g/ns , 
total euapeoded particle*, ng/m* 

718*8* 

86.0* 84 

139 * 9 

I960 Mg 

by maae 

349 * 39 

321 * 25 

934 * 48 

10 mg 

by EAA* 

mutagenicity, revertents/B* 

349 * 43/ 

513*47 

1323 *84 

ft 

pereoaal earn pier 

638 * 49 

a* 

ad 

17300 revertanu 

Andcreoo sampler 
nicotine, ng/m* 

484*58 

617*40 

637*76 

13400 revertante 

personal sampler 1-S 

39*7 

ad 

ad 

800 ag 

persona] sampler 13—16 

ad 

137*23 

328*49 

8300*g 

Anderson sampler 13,14 

ad 

150* 14 

ad 

ft 


• UDcorrected for surface removal *Not epplkabl*. t bi*d w eight feme. ^bpwa^ m NO from total concentration of NO and NCy 
* Aaevm™g unit denalty. 'Base d on four teeta. *ad. not determined._ 


stead of 10 tunas, 0.015 M phosphate-buffered saline in¬ 
stead of 0.15 M, no shaking during the 90-min incubation 
of the vials at 37 *C, and addition of faistadina and biotin 
to the plate bottom afar instead of to the top afar. 

The combined sample from the duplicate Anderson 
filters from each experiment was tested with six doses 
corresponding to 25-300 L of six in duplicate tests with 
duplicate vials for each does and test Tht combined 
sample from the personal fibers from each experiment was 
tested with three doeet correepondinf to 50-200 L of air 
in one test, with triplicate vials for each dose. The response 
was calculated by linear regression using deem on the linear 
or almost linear part of the doee-reeponae curve. 

Ghrbon Monoxide and Nitrogen Oxides. Carbon 
monoxide (CO) was measured continuously by nondis- 
pertive infrared absorption (Bendix 8501*5), snd nitrogen 
oxides NO, (i.e., NO plus NOJ were measured indirectly 
by chemiluminescence (Bendix 8101-B). Data points were 
recorded every 3 min. 

Hydrocarbons. Air was collected in evacuated stainless 
steel canisters (9); and the sample was then subjected to 
speciated gas chromatographic analysis by the method 
described by McElroy et aL (10). Samples in the first 
experimental series were collected as grab samples at a 
peak concentration of carbon monoxide in the chamber, 
whereas samples in the second series were collected over 
the entire smoking period (4 b). 

Aldehydes. Aldehydes were collected in the second 
series at s rate of 1.0 L min* 1 using 2,4'dinitrophenyl- 
hydrazine-coated silica gel cartridges for collection and 
high-performance liquid chromatography for analysis of 
the hydrazone derivatives as described by Tejada (1/). 

Calculations. The average chamber concentrations 
were calculated as the average value be twe e n 1 h after start 
until the end of the experiment*. When sampling included 
the first hour, the average concentration was calculated 
by normalizing to the continuous CO concentration! this 
correction was approximately 5%^ Likewise, grab samples 
of hydrocarbons were normalized to the average concen¬ 
tration from the peak concentration, when the sample had 
been collected. The airborne yield, expressed as amount 
per cigarette, was calculated from the average concentra¬ 
tion by using the known smoking frequency, the chamber 
volume, and the total air exchange rate. 

Environmental Sampling. The impact of tobacco 
smoke was determined in two studies in s local tavern. 
The main room in which sampling took place had a volume 


of —180 m* (/ ■ 15 m, w ■4 m, and h » 3 m) and was 
variously occuplied by 5-25 parsons, many of whom were 
smoking. 

Indoor TSP snd nicotine were collected on s Teflon- 
coated glam fiber filter snd s second bisulfste-impregnated 
filter, respectively, at 20 L/min by an Anderson sampler. 
Particulate matter was measured by taking 120* readings 
each 1/2 h over tha 3* or 4-h study with ■ pitxobalance 
Model 3500 (TSI Inc., St Paul, MN) both indoors and 
outdoors with at least two cleaning cycles per hour. Indoor 
and outdoor carbon monoxide was determined with two 
General Electric Model 15ECS3C03 carbon monoxide 
detectors (Wilmington, MA) that had been calibrated I at 
zero and 60 ppm CO. Indoor aldehydes and I indoor and 
outdoor hydrocarbons were collected and analysed as de¬ 
scribed for the chamber studies. The hydrocarbon sam¬ 
pling was performed during only 2 h in each of the two 
studies. 

RtMult* 

The concentrations end calculated yields are given in 
Table I for components that were analyzed in all chamber 
tests in the first and second series. Carbon monoxide snd 
nitrogen oxides were determined continuously every 3 min, 
and their concentrations varied in a saw-toothed form with 
the smoking cyek of one cigarette every 30 mim The ratio 
of the average maximum to the minimum concentretiuoo 
was —3. The average concentration of carbon monoxide 
was about 65-70% of the maximum concentration; similar 
ratios were found for nitrogen oxides. 

Particle concentrations measured by EAA had the same 
type of variation^ but the resolution was lees because the 
analyses were performed less frequently. The average 
concentration of particles as measured by EAA (assuming 
unit density) was in good agreement with the concentration 
obtained by filter collection in the first series and over¬ 
estimated the particle concentration in the second series 
under lower relative humidity. Due to the organic char¬ 
acter of ETS, however, the density would be expected to 
be somewhat lee* than 1.0. 

The nicotine concentrations and yields were lower 
during the first series than during the second series, with 
yields of 800 Mg/cigarette and 3300 Mg/ogarette, respec¬ 
tively. There were several differeneerbrthe two series. 
In the first aeries, the chamber contained more adsorbent 
surfaces: two persons, mother and child, television set, 
crib, chair, and a curtain, all of which were absent in the 
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Finally, available portable equipment was used to sam¬ 
ple and Analyse the a ir is a taws during sorxsal smoking 
conditions. All ETS c omp on e nts that were analyiad in¬ 
door* and outdoor* war* highly elevstad is tba indoor 
environment (Table V). Furthermore, none of the ana¬ 
lysed components wa* conspicuously much higher or much 
lower relative to etch other than what would have baas 
aipactad from tha stadias of tba airboraa yield of research 
cigarettes. 

Ducuuion 

Tbi* study charactarixa* both exposure concentrations 
and airboraa yield* for particulate matter and it* muta¬ 
genic activity, as well a* nicotine, aldehyde*, and ali enee. 
Thk study provides documentation that tha chamber ETS 
exposure was comparable to that which people would en¬ 
counter in indoor environment* where tobacco is being 
smoked. Additional chemical analyse* and subsequent 
studies war# conducted t o rela te the chamber ETS oom- 
p onent s to the analysis of ETS in an indoor environment 

ETS and other air pollutants emitted into an indoor 
environment can disappear by three routes: ventilation, 
surface deposition, and chemical reactions while airboraa. 
The ventilation rate in moat indoor environments is 0.5 
air cfaange/h or higher , which means that the time frame 
of interest is slew hours or less. Whereas f ew, if any, 
studies have dealt with chemical reactions of ETS com¬ 
ponents, thers is good evidence that smoke particles can 
be removed by surface deposition (2,72), the prooees being 
dependent on surface characteristics and mixing ratio. 
Thus, the airborne yield of particulate tar can vary de¬ 
pending on the experimental conditions: 

Among the gases studied; carbon monoxide is considered 
to be sufficiently stable to be removed only by ventilation. 
This is also probably the cm* for the low molecular weight 
hydrocarbons, ethane to koprene, analyzed in the present 
investigation, whereat nicotine as well as the aldehydes 
may decay by surface adsorption or reaction. This phe¬ 
nomenon may account for the divergent nicotine concen¬ 
trations found in the first and second series (Table I). 
because the chamber was different with respect to surface 
characteristics in these two series: 

Nitric oxide (NO) is the primary nitrogen oxide formed 
in tobacco smoke (72). but it can slowly be oxidised to 
nitrogen dioxide, NO* (74)..or spades detected as NO* 
The low contribution of NO* to the total concentration of 
nitrogen oxides found in the present study (Table I) most 
likely reflects the high ventilation rate, which would not 
give sufficient time for the formation of NO) from NO in 
the chamber. In contrast, about 15-26% of tba nitrogen 
oxides detected in the smoking of commercial cigarette* 
(Table IV) was in the form of NO* indicating that both 
tba higher concentration and tha lower ventilation rata in 
these tests resulted in a significant conversion. 

The determined ETS airborne yields of carbon mon¬ 
oxide, nitrogen oxides, and nicotine (Table I) are about 
the same as those reported for sidestrea m smo ke from 
commercial cigarettes (73, 75, 75). The ETS yield of 
particles k, however, lower by a factor of 2-3 than those 
reported for sidestream smoke from commercial cigarettes 
(75). One study of 2R1 cigarettes by Ueno and Peters (77) 
found only 6-9 mg of particulate matter/cigarette based 
on e sample collected with an Anderson cascade importer 
and 1-2 mg/cigarette based on EAA measurements. 

The mutagenic yield of particulate matter, 13400-17300 
revertante/cigarette, is lower than the mutagenic emission, 
36 500-118000 revertante/cigarette, for sidestream ciga¬ 
rette smoke collected in s small hood (78). These differ¬ 
ences may be due to the differences between the sample 


collection methods for sidestream smoke end ETS and 
between the emission rate end airborne yield measure¬ 
ments. In both cases, the lots of mutagens amodated with 
particle* is likely due to fees of the particles to surfaces. 

TU mutagenicity conce n trations end yields determined 
on particle extracts from the personal sampler ware oon+ 
aistentiy higher than those from the modified Anderson 
•ampler. The personal samplers have a 2-fold lower face 
velocity (1.3 cm •**) compared to the Anderson sampler 
(2.7 cm ** 1 ). The higher face velocity of the Anderson 
sampler may result in the lorn of the more volatile organics 
and mutagens from the filter. Recent studies comparing 
fisoe velocities substantiate this bypothiiie (K Hammond 
•t aL, unpublished data): The mutagenic response of 
400-900 revertante/xn' of air is a range that may be en¬ 
countered in moderately smoky environments and is higher 
than that found for ambient outdoor air (12). 

Airborne yield is e direct measure of the components 
present in e particular indoor environment and will vary 
with the surface area and characteristics. The advantage 
of this measurement is that it can bt directly used to 
estimate indoor ETS compound concentrations based on 
the number of cigarettes smoked and the ventilation. 
Emission factors for sidestream cigarette smoke havt 
classically been determined by using a small-volume col¬ 
lecting device surrounding the cigarette tip (75), and 
emimion factors for ETS particles and martins have been 
determined in chambers with correction of surface removal 
(5). Thus, H can be expected that airborne yields are less 
than emission factors for components that ere significantly 
removed by proceeees other than ventilation. 

The emission of aliphatic hydrocarbons in ndestaam 
smoke has not been assessed quantitatively previously, 
although there are eevtral earlier studies on mainstream 
smoke that have been summarised by Eknenhorst and 
Schultz (26). The airborne yields for sidestream smoke 
found in the p r ese nt study (Table ID an generally higher 
than those found for mainstream smoke. Isoprsne is the 
predominant uneaturated hydrocarbon in sidestream 
smoke (Tables II, TV, and V), and the concentrations 
measured wen well above the background concentrations. 

There are several other sources for koprene: It is exhaled 
by man (27, 22) and rodents (23) and thus possibly by 
other animals. It is emitted from vegetation, with ambient 
concentretione generally below 15 mg/m 9 (24,25). It is 
also produced during combustion, but the meet likely 
combustion source, wood combustion, gives much lees 
isopnne than ethane (25), indicating that isopnne is a 
minor constituent of the hydrocarbon emission. The 
carbonyl compounds studied (Table QI) had airborne 
yield! of a magnitude nported earlier (75): 

The results presented in Table IV. obtained in the 
smoking of commercial ciganttee in the chamber, show 
that then is a similar relative distribution of m^jor com¬ 
ponents from such cigarettes when compered to the air¬ 
borne yields from the research cigarettes 2Rl. This is also 
the feet for components measured in a tavern (Table V) CO 
in which a mixture of commercial cigarette* wee being 
smoked. These comparisons between research cigarette# 
and commercial cigarette* show that both types of age- rj 
nttes give rise to ETS with very similar composition. ** 

The ratio of nicotine to particles k —160 Mg/mg for the ^ 
tavern samples (Table V), which k intermediate between 
the ratios that can be calculated for tbe chaxoJber study, W 
60 and 330 Mf/mg. This may indicate that the tavern has 
surface characteristics with respect to nicotine removal cn 
intermediate between the occupied and unoccupied Plex- Q 
iglhschamber. 
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'National Reaearch Council (2) and others (27, J8) hove, 
ihmgoancerdeatk in individual* exposed 
tol 


At lung to etoo a possibility (29). 

It .k not known which of the many components present 
in tobacco amoks tad ETS art the meat hazardous. Ilia 


therefore important to analyze ETS for • variety of com¬ 
ponents comprising botb paniculate matter and gas-phase 
constituents We have in the present study determined 
particulate matter and used a Salmonella mutagenicity 
bioasaay to measure genotoxirity (30). Among the nu¬ 
merous gas-phase compounds in ETS, aldehydes (I) and 
unaaturated aliphatic hydrocarbons (3i) are known or 
potential animal carcinogens Although thme compounds 
have a relatively low carcinogenic potency, they might be 
of importance in the total evaluation because they are 
present in relatively high concentration. Among the un¬ 
aaturated hydrocarbons, isoprene might be used as a to¬ 
bacco smoke tracer considering the low background con¬ 
centration of this compound. Studies are needed to ex¬ 
amine other potential indoor sources of isoprene that could 
interfere with its use as a tracer. 
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Introduction 


Summary. The uptake of tobacco smoke constituents 
from gaseous and particulate phases of mainstream smoke 
(MS), inhaled by smokers, and of environmental to¬ 
bacco smoke (EfS). breathed in by non-smokers, was 
investigated in two experimental studies, Tobacco smoke 
uptake was quantified by measuring carboxyhemoglobin 
(COHb). nicotine and cotinine in plasma and urine and 
the data obtained were correlated with urinary excretion 
of thioethers and of mutagenic activity. An increase 
in all biochemical parameters was observed in smokers 
inhaling the complete MS of 24 cigarettes during 8h. 
whereas only an increase in COHb and, to a minor de¬ 
gree. in urinary thioethers was found after smoking the 
gas phase of MS under similar conditions. Exposure of 
non-smokers to the gaseous phase of ETS or to whole 
ETS at similar high concentrations for 8 H led to identical 
increases in COHb. plasma nicotine and cotinine as well 
as urinary excretion of nicotine and thioethers which 
were much lower than in smokers. Urinary mutagenicity 
was not found to be elevated under either ETS exposure 
conditioni As shown by our results, the biomarkers most 
frequently used for uptake of tobacco smoke (nicotine 
and cotinine) indicate on the one hand the exposure to 
paniculate phase constituents in smoking but on the 
other hand the exposure to gaseous phase constituents in 
passive smoking. Panicle exposure during passive smok¬ 
ing seems to be low and a biomarker which indicates 
ETS panicle exposure is as yet not available. These find¬ 
ings emphasize that risk extrapolations from active smok¬ 
ing to passive smoking which are based on cigarette 
equivalents or the use of one biomarker (e.g. cotinine) 
might be misleading. 

Key words: Environmental tobacco smoke (ETS) - Pas¬ 
sive smoking - Active smoking - Gasphase - Paniculate 
phase 

Offprint requests to: G. Scherer 


Exposure to environmental tobacco smoke (ETS) has 
been associated with adverse effects on the health of 
non-smokers [38j. Extrapolations made from the lung 
cancer risk seen in smokers suggest a small excess risk 
in passive smokers compared to non-exposed persons. 
Russell [30]. for example, compared the cotinine levels 
in body fluids of active smokers and non-smokers and es¬ 
timated by linear extrapolation that passive smoking 
might account for 1000 excess deaths per year in the UK 
and 4000 in the USA. Repace and Lowrev [29]. using an 
extrapolation based on "cigarette equivalents** from par¬ 
ticle measurements in smoke*filfed rooms arrived at a 
figure of 5000 excess lung cancer deaths each year in 
the USA from passive smoking. Doll [6]. however, has 
criticized this approach, partly because it is uncertain 
whether a linear or quadratic relationship between dose 
and effect in active smokers should be postulated, but 
also because of the many physical and chemical differ¬ 
ences which exist between MS and ETS, 

In order to assess the potential differences in exposure 
to MS and ETS by active and passive smokers, we have 
conducted a series of experimental studies on smokers 
and non-smokers. In the first study, smokers smoked 
their customary cigarette, inhaling whole MS on one 
day. On another day. the same number of cigarettes 
were smoked through a filter which retained the parti¬ 
cles from MS. exposing the smokers to only the gaseous 
phase of the smoke. In the second study, non-smokers 
were exposed to the gaseous phase of ETS on one day 
and whole ETS on another. The uptake of potentially 
genotoxic compounds under these different exposu re 
conditions was determined by measuring urinary muta¬ 
gen and thioether excretion and assessed by comparison 
with dosimetric measures of uptake of various tobacco 
smoke constituents. 
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Materials and methods 

Subjects . For Study 1. eight healthy male smokers aged 20 to 40 
took pan in the investigation! They reported to the laboratory on 
a Sundav evening and remained there until the end of the study on 
Friday morning. In Study 2. five healthy male non-smokers aged 

23 to 29 years remained under similar controlled conditions from a 
Saturday e%entng until the following Friday morning. All subjects 
completed a questionnaire on socio-economic and lifestyle factors 
as wellias their smoking habits. ETS exposure and meals consumed 
during the preceding 4g h. During the study periods, smokers were 
not aflowed to smoke except during the special smoking sessions. 
During ETS exposure (Study 2). the smoke was generated bv five 
smokers who were not allbwed to smoke except during the smok¬ 
ing periods During both studies, subjects ate a defined diet low in 
polycyclic aromatic hydrocarbons [23] which was identical lin qual¬ 
ity and quantity on each day of the investigation. 

Protocol o f Study l (acnve smoking) During the smoking days of 
the study, the eight active smokers smoked 24 cigarettes/d of their 
usual brand. The average tar and nicotine yields of these products 
were 13d and 0.95 mg. respectively. The protocol began with a 
control day (Day 1) during which smoking was not allowed. On 
Day 2 (Tuesday). the subjects smoked 24 cigarettes between 8:30 
and I7 :00 h (1 cig/20 min|. To obtain conditions similar to those to 
be applied on Day 4. an empty filterhoider was placed between the 
cigarette and!the mouthpiece. Wednesday (Day 3) was a control 
day without smoking and on Day 4 (Thursday) the subjects smoked 

24 cigarettes with a filter placed in the filterhoider between the cig¬ 
arette and the mouthpiece. The filters were of two types. Subjects 
l to 4 used a class fibre filter (Mi!!£x. SJA V 013 NS. SchlfcicKerdt 
Schull. FRO I*, while Subjects 5 to 8 used a Cambridge filter. Both 
filler systems had 99% effectivity in removing smoke particles and 
were changed after every two cigarettes. Analysis revealed no dif¬ 
ference in the particle removal by the two filters and the data ob- 
tained from Subjects l to 8 have therefore been pooled for analy¬ 
sis. The room used for the smoking study was adequately venti¬ 
lated and ETS exposure of the smokers was minimal. 

Protocol of Study 2 (passive smoking). On the first day of the study 
(Sunday) the subjects were neither exposed to ETS nor sham- 
exposed. The smokers were not allowed to smoke. On the second 
day of the study (Monday) the subjects soent 8h (8:30 to 16:30h); 
in an unventilatedi furnished room (45nr j in order to simulate ex¬ 
posure conditions (sham exposure). The third day (Tuesday) was 
an exposure day on which the five non-smokers were exposed to 
the gaseous phase of ETS during 8lh (6:30 to 16:30 h). The expert* 
mental procedure for this day was as follows: The five non-smok¬ 
ers sat in the experimental room wearing masks equipped with fil¬ 
ters (Sekur Polimask-PC, filter classes PI and P2, Pirelli. FRO) 
which retain more than 99% of the particle mass in the inspired 
air. The founh day of the study (Wednesday) was a sham exposure 
day identical Ito Day 2. On the fifth day (Thursday) the non-smok¬ 
ers were exposed to whole ETS. The smokers generating ETS 
smoked the same numbers of cigarettes according to the same time 
schedule as on Day 3. The analysis outlined in the present paper is 
based only on data of passive smokers. 

Air analysis. The air sampling tubes were installed at breathing 
height of a seated person at the end of the room opposite to where 
the smokers sat. Carbon monoxide was measured continuously by 
an infrared CO monitor UNOR 6N (Fa. Maihak. Hamburg. FRG). 
Nitrogen oxides (NO/NO:) were delected by a chemoluminescence 
monitor using a Nitrogen-Oxide Analyzer. Model 8840 (Monitor 
Labs Inc. USA). Nicotine was determined according to the meth¬ 
od of Odgen [26]. The alkaloid was absorbed on XAD-4 resin 
with an air flow rate of l litre/min. Sampling times were 4h on 
the sham-exposure days (pays 2 and 4) and 2 h on the exposure 
days (Days 3 and 5). Formaldehyde was absorbed on Scp-PAK Cu 
(Waters Associates. Milford. MA. USA) coated with 2.4-dinitro- 
phenylhydrazine and determined by HPLC [20]. Flow rates and 


sampling times were as those for nicotine. Respirable particles 
were determined gravimetncally according to the method of Corn 
nor [5J. The sampling flow rate was 1.6l/min. Sampling periods 
were similar to those for nicotine. Polycyclic aromatic hydrocarbons 
(PAH) were detected according to the method of Grimmer et all 
[8). Sampling period was 8h. The filter system consisted of a 
siliconized glass fibre filter and a Pora Pak PS filter for sampling 
particles and semi-volktiles. respectively. 

Biomonitormg. Urine was collected from all subjects at 24-h inter 
vali beginning at 8:00h on each day. Blood was drawn into hepa¬ 
rinized tubes at 8:00 and 17:00h from each subject, with an addi- 
tional blood sample dtawn from the active smokers (Study l!) on 
the two smoking days at 12:30 h after 12 cigarettes had been 
smoked. In Study i. exhaled air was also sampled into plastic bags 
[10] on an hourly basis from 8: 30 to 17 :30 h. using a controlled 
collection procedure. Carbon monoxide in exhaled air was deter¬ 
mined by an UNOR 6N CO monitor (Maihak. Hamburg. FRG). 
Carboxy hemoglobin (COHb) was determined spectrophotomem- 
cally on fresh blood samples with an IL 182 CO*Oximeter (IL 182. 
Instrumentation Laboratories Ltd. USA). Nicotine was determined 
in plasma and urine by gas chromatography (112) and cotmine in 
plasma by radioimmunoassay [21). Thioethers were measured in 
urine by quantifying the sulfhydfyl groups with Ellman’s reagent 
after alkaline hydrolysis of the thioether bonds according to the 
method of Heinonen ct al. [11] as modified according to Aringer 
and Lidums [1]. Briefly. 5 ml of urine were extracted three times 
with 8 ml of ethylacetate. The pooled extracts were evaporated to 
dryness. The residiie was dissolved in 2 ml of 2 m.Vf ascorbic acid. 
One ml of this solution was hydrolysed with 0.5 ml 4 N NaOH in 
the dirk under nitrogen for 60tnm at 10CTC. The SH-groups in 
both the unhydrolysed and hydrolysed extracts were determined 
with Ellman’s reagent (0.4g 5.5-dithiobis-(2-nitrobenzoic acid) 
(DTNB) in 11 of 1% citrate solution) at 412 nm. Parallel thioether 
analyses were performed in another laboratory. Results obtained 
by the two laboratories were not completely concordant and reasons 
for the discrepancy are under investigation. Analysis of either 
thioether data set are. however, consistent with the conclusions of 
this paper. 

Urinary mutagenicity was determined as previously described 
using the Salmonella typhimurium/mammaJian microsome assay. 
Strain TA98 was utilized as the tester strain (32). The following 
modifications to (his method were employed: 500 ml of urine were 
used for extraction and the loaded XAD-2 columns were washed 
with 100ml methylene chloride. The evaporated eluatc was dis¬ 
solved in 0,75 ml DMSG. The test was performed with 10.25.50. 



n*i. Carbon monoxide in expired air after smoking whole (MS) 
and gas phase mainstream smoke (MSGP) during Study 1. (Means 
with standard deviation ban) 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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Fig. 2. Time-courses of the biochemical 
parameters measured in smokers daring 
Study 1. (Means with standard deviation 
bars). MS » Whole mainstream smoke: 
M5GP - Gaseous phase of mainstream 
smoke: statistical significance: 
a: P<0.10: b: P<0.05: c: *<OiOI: 
d:P< 0.001 . —.... 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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and 75 id aliquots of this extract. These aliquots were equivalent to 
6.7. 16:7. 33i3. and 50ml of urine, respectively. The spontaneous 
mutation rates in the presence of S-9 mix were 35 to 55 revertants/ 
plate. 

Statistical analysis. Student's r-test for paired samples (exposed vs 
non-exposedl was applied: For blood and plasma parameters, the 
level in the respective morning sample before start of the exposure 
was used as non-exposed reference value. In case of urine para¬ 
meters. the level in the 24-h urine of the previous control day was 
used as a non-exposed reference value. 


Results 

Study 1 (active smoking) 

In order to compare the uptake of tobacco smoke con¬ 
stituents from MS and filtered MS (gaseous phase), it 
was necessary to ensure that at least as much gas phase 
was inhaled by the smoker under the filter conditions as 
during active smoking. To be on the safe side, subjects 
were encouraged to slightly "oversmoke" the gas phase 
MS smoke. This is seen in the results presented in Fig. 11. 
On the average, smokers attained higher CO levels in 
their exhaled breath with gas phase smoking conditions. 
Although this parameter showed a high inter-individual 
variation, each subject attained or exceeded the CO 
levels observed undfer normal smoking conditions. This 
increase was consistent with that observed in COHb 
levels in these subjects (Fig. 2ji In contrast, however, no 
elevation was noted in plasma nicotine levels during gas 
phase inhalation and plasma cotinine levels continued 
to decline after gas phase smoking. These results were 
paralleled by measurements of urinary nicotine under 
these smoking conditions. This strongly indicates that 
nicotine was not taken up under gas phase smoking con¬ 
ditions. Both urinary thioether and urinary mutagenicity 


Table 1. Air monitoring in the experiment*! room. Dau are time- 
weighted averages for the 8*h exposure sessions 


Day 

2 

3 

4 

5 

Cigarettes/8 h 

- 

120 

- 

120 


Particulate Matter 


RSPtug/nr 1 ) 

77 

3181 

78 

4091 

BaP(ng/m 3 ) 

0.2 

21.5 

0j3 

26.7 

BeP (ng/m 3 ) 

0.8 

21.5 

0.8 

24.9 

BaA(ng/m 3 ) 

2.1 

18.9 

1.1 

26.2 

Phenenthrene (ng/m 3 ) 

3.7 

6j8 

1.8 

7.4 

Pyrene (ng/m 3 ) 

0.6 

17.6 

0.7 

20.5 

Caseous Phase 

CO (ppm) 

1.4 

24 

2.0 

24 

NOx(ppb) 

38 

422 

56 

449 

Formaldehyde (jig/tn 3 ) 

3 

48 

3 

49 

Nicotine (pg/m 3 ) 

4 

71 

6 

71 

Phenamhrene (ng/m 3 ) 

138 

154 

nd* 

258 

Pyrene (ng/m 3 ) 

29 

24 

nd 

25 


* Not determined 


were slightly but no significantly increased i after gas 
phase smoking. Urinary mutagenic activity after gas 
phase smoking was. on the average, less than 1/10 of that 
observed after smoking whole mainstream smoke and 
not significantly increased in comparison to that of the 
control days (Days 1 and 3). Positive Ames tests with 
dear dose-response relationships were only observed 
with urine extracts from Day 2 when the subjects smoked 
the whole MS. Means, standard deviations and ranges of 
the maximal mutation rates (revertants/plate) were as 
follows: Day 1 (ino smoking): 63 ± 11 (45-97). Day 2 
(whole MS smoking): 226 ± 125 (85-589). Day 3 (no 
smoking): 61 + 13 (37-84). Dav 4 (eas phase MS smok¬ 
ing): 67+ 13 (47-92). 

Study 2 (passive smoking) 

The time-weighted average concentrations of ETS con¬ 
stituents in the exposure room from Day 2 to Day 5 
are summarized in Table 1. The substances measured 
included respirable particulate matter (iRSP) and five 
spedes of polycyclic aromatic hydrocarbons (PAH): A 
smoking-related increase is clbariy seen in all parameters 
measured. Some particulate matter constituents (IRSP. 
benzo(a)pyrene (BaP). benzo(e)pyrene (BeP). benzo(a)- 
anthracene (BaA)i) show higher concentrations on Day 5 
than on Day 3) although the same number of cigarettes 
(120) was smoked according to the same time schedule: 
The reason for this is not quite dear. The ventilation 
conditions in the room were rather poor, with high tem. 
peratures (28-35°C) and a high relative humidity (60- 
90% ). This could have affected the concentrations mea¬ 
sured in the room air. The conditions were: however, 
comparable throughout the study. 

Pbenanthrene and i pyrene were included in both the 
particulate matter and gaseous phase section of Table 1. 
although they are more abundant in the gas phase of 
ETS. The background levels for both of them are rather 
high: particularly for the volatile part. Tobacco smoke 
does not substantially increase the concentrations of 
these two compounds in the room air. 

The biomonitoring results for the non-smokers in 
Study 2 are shown in Fig. 3. For both types of exposure 
(gas phase ETS and whole ETS). increases are seen for 
COHb. nicotine and cotinine in plasma and for urinary 
nicotine and thioether excretion. The increases in COHb. 
nicotine and cotinine are statistically significant when 
compared to the pre-exposure leveli. Increase in urinary 
thioether excretion is only of borderline significance 
(/*< 0.10). No significant changes were observed for uri¬ 
nary mutagenicity. No dose-response relationship was 
found in the Ames test with any of the urine extracts. 
Means, standard deviations and ranges of the maximal 
mutation rates (revertants/plate) were as follows: Day 1 
(no exposure): 54 ± 10 (35-71), Day 2 (sham-exposure): 
58 ±10 (42-77), Day 3 (gas phase ETS exposure): 57± 12 
(40-77). Day 4 (sham-exposure): 54 + 9 (41-71). Day 5 
(whole ETS exposure): 62 ± 11 (48-91). After exposure 
to whole ETS, urinary mutagenkiQfjgxms to be slightly 
elevatedl However, a similar amount of excreted muta¬ 
genic activity was measured on Day 2. when the subjects 
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Fig. 3. Time-courses of the 
biochemical parameters measured in 
passive smokers during Study 2. 
(Means with standard deviation bars). 
ETS » Whole environment a i " tebae c o 
smoke: ETSGP ■ Gaseous phase of 
environmental tobacco smoke: 
statistical significance: a: PcO.lO: 
b: P< 0.05: c: P< 0.01 : d:A>< 0.001 


(hours ) 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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were not exposed to ETS (609 rev/24 h on Day 2 vs 648 
rev/24'h on Day 5). The increases in plasma nicotine and 
urinary thioether excretion after gas phase ETS and 
whole ETS show no statistically significant differences; 
Increase in COHb was slightly but significantly higher 
after whole ETS exposure (2.6%) than after gas phase 
ETS exposure (2.2%). Our findings are in line with the 
fact that the underlying exposure agents, i.e. CO. nico¬ 
tine and electrophiles (giving rise to thioether forma¬ 
tion ) are gas phase constituents of ETS. Measurements 
of cotinine in plasma are unsuitable for such a compari¬ 
son since carryover effects occur due to the relatively 
long half-life of this metabolite [34], 


Discussion 

There are many chemical and physical differences be¬ 
tween MS and ETS [16] and. as has been discussed by 
Doll'[6]L these differences make risk extrapolation from 
smokers to passive smokers questionable. 

Experimental and theoretical considerations also sup¬ 
port this view. Chemical analyses of components in ETS 
[9] and the data presented in this study demonstrate 
that, in contrast to MS. semi-volatiles are more abun¬ 
dant in the gaseous phase than in the particulate phase of 
ETS. Other compounds are also distributed to varying 
degrees between the gas and particle phases of MS and 
ETS. Some of these and their relative dose ratios are 
shown in Table 2 [16. 19.37.38]. It is clear that the ratio 
between active and passive smoking depends upon the 
substances involved and that in the case of passive smok¬ 
ing. gaseous phase compounds are more relevant in the 
evaluation of uptake than are particle-bound constituents. 
As seen'in Table 2. the uptake of particle phase com¬ 
pounds by active smoking is up to three orders of mag¬ 
nitude higher, whereas uptake of gas phase compound 
is only Itess than one order of magnitude higher than with 
passive smoking. In addition to the substance related 
variations in ETS and MS. there are physico-chemical 
differences which affect uptake. Sidestream smoke is 
more alkaline than MS, resulting in an increased absorp¬ 
tion of nicotine in the oral cavity [17]1 Additionally. ETS 
particles are smaller than MS particles [16. 38]. These 
factors, together with the different inhalation pattern 
observed during active and passive smoking, result in 
much lower particle deposition rates in passive smokers 
[13. 14]. Results of in vitro tests with ETS and MS sug¬ 
gest that aged ETS is less cytotoxic than fresh MS in¬ 
haled by the active smoker [35]. Differences in the bio¬ 
logical effects of tobacco smoke exposure could also be 
expected due to physiological differences between active 
and passive smokers. An intact clearing mechanism of 
the respiratory tract, as is usually observed in non-smok¬ 
ers. removes particles more effectively than a damaged 
one [125]. Smokers have been found to have induced 
levels in the activities of both toxifying and detoxifying 
enzyme systems [27], Whether in total balance, this has 
a beneficial effect for the exposed individual, as sup¬ 
posed by Remmer [28], or a harmful effect, is as yet un¬ 
certain. 


Tabte 2. Estimated dose ratio between smoking and passive smok¬ 
ing* 


Tobacco smoke 
constituents 

Smoking 

<S) 

(20cig/d) k 

Passive 
smoking 
(PS) (8ih/dr 

Dose ratio 
S/PS 

Gaseous phase 

CO (mg) 

40-400 

1414-% 

2.7 

-42 

Formaldehyde (mg) 

0.4-1.8 

0.08-0.4 

4 

-5 

Volatile 

nitrosamines (*ig) 

0.05-1.0 

0.03-0.4 

L5 

-2.5 

Benzene (pg) 

200-1200 

40-400 

3 

-5 

Paniculate matter 

Panicles (mg) 

75-300 

0.024-0.24 

1250 

-3000 

Nicotine (rng) d 

7.5-30 

0.08-04 

75 

-*) 

BenzcK a) pyrene (jig) 

0.15-0.75 

0.001-0.011 

70 

-150 

Cadmium ( tig) 

1L5 

0.001-0.014 

no 

-1500 

Tobacco specific 
nitrosamines (tig) 

4.5-45 

0.002-0.010 

2300-4500 


* Data are compiled from References 16.19. 37, 38 
6 Assumed deposition rate for particulate matter: 75% <Ut 
Assumed breathing volume: 0.5 mVh: assumed'deposition rate 
for particulate maner: 11% (13): 

11 Nicotine » particle-bound in MS and a gas phase constituent in 
ETS (7) 


The present results demonstrate that the gaseous 
phase and the paniculate phase of both ETS and MS 
quite differently affect the biological intake measures as¬ 
sessed in this study. As expected. COHb was foundito 
increase after both gaseous phase and whole smoke ex¬ 
posure in both active and passive smokers. In our inves¬ 
tigation, COHb was used to validate the uptake of gas 
phase and whole smoke under the different exposure 
conditions. Non-smokers showed a significantly higher 
increase in COHb after whole ETS exposure (2.6%) 
when compared to gas phase ETS exposure (2:2%). 
Since the CO concentration during the 8-h exposure 
period was similar in both cases (24 ppm), it can be as¬ 
sumed that the non-smokers breathed less deeply when 
wearing face masks on Day 3. On the other hand, smok¬ 
ers inhaled more intensively when smoking the gas phase 
mainstream smoke (6.5% vs 8.2% COHb: see also Fig. I 
for CO in expired air). In our view, these relatively small 
differences in inhalation do not substantially affect the 
other parameters. 

In non-smokers, marginal but similar increases in 
plasma nicotine concentrations were found after gas 
phase (l.lng/ml) and whole ETS exposure (1.2ng/ml). 
Increased urinary nicotine excretion is foundlafter both 
gas phase and whole ETS exposure, with a higher in¬ 
crease following whole ETS exposure. Three factors . 
could have contributed to the higher increase: (a) nico¬ 
tine is not completely excreted when'the second 1 expo¬ 
sure starts; (b) the subjects inhale more deeply on Day 5 
(see COHb values. Fig. 3). (c) part of the nicotine in 
ETS is also panicle bound. Howaucjvthe data are con¬ 
sistent with the fact that nicotine is mainly a vapour 
phase constituent in ETS [7]| This is also in accordance 
with the timecourse of the cotinine plasma levels as ob- 
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served for the non-smokers in Study 2 (Fig. 3). In con¬ 
trast. nicotine in plasma and urine and cotinine in plasma 
of smokers were found to be elevated only when smok¬ 
ing whole MS but not gas phase MS; This is in full agree¬ 
ment with the fact that nicotine in MS is almost exclu¬ 
sively bound to smoke particles. The percentage of nico¬ 
tine in the vapour phase of MS (1-5%) increases with 
the pH of the smoke and should be higher in cigarettes 
made from dark tobacco (4]. In our sample only one sub¬ 
ject smoked cigarettes of this type. Interestingly, we 
found the highest increase in plasma nicotine in this indi¬ 
vidual !(2:ng/ml). This increase, however, was very low 
compared'to that after whole MS smoking. Therefore, 
nicotine and cotinine in smokers reflect smoke particle 
exposure, whereas in passive smokers these parameters 
indicate exposure mainly to tobacco smoke vapour phase. 

B In previous investigations we found an increase in 

F -Vma^thioMhesexcretk»afterextTemely high ETSex-’ 
posure under carefully controlled dietary conditions (33). 
It is assumed that electrophilic compounds taken up 
from tobacco smoke give rise to thioether formation 
[39]. The chemical nature of the smoking- and passive 
smoking-related thioethers in urine and the electrophiles 
in tobacco smoke responsible for their formation are un¬ 
known. In this investigation we found a similar increase 
in urinary thioether excretion after exposure to gaseous 
phase and whole ETS. This confirms our earlier results 
[33] and indicates that the underlying electrophiles must 
be gas phase constituents of ETS. In contrast, a signifi¬ 
cant increase in thioether excretion was only found in 
smokers when they smoked whole MS. After smoking 
gas phase MS. only a slight but statistically not signifi¬ 
cant elevationin thioether excretion was observed. When 
the same urine samples were analysed for thioethers in 
another laboratory the increase in thioether excretion 
was similar both after whole and gas phase MS. There¬ 
fore. it is not possible at present to decide whether the 
electrophiles in MS are predominantly gas phase or par¬ 
ticulate phase constituents. The identification of specific 
thioethers formed after active and passive smoking could 
give further information on the tobacco smoke consti¬ 
tuents which are responsible for thioether excretion. 

Urinary mutagenicity was not significantly increased 
after exposure to gas phase or whole ETS exposure. Ear¬ 
lier studies reported a slight or no increase in urinary 
mutagenicity after ETS exposure [3.15.16,24.32,36], 
but only in two of them were the results statistically sig¬ 
nificant [3. 24]. The mutagenic activity after whole ETS 
exposure in this study tended to be somewhat elevated. 
However, a similar increase was observed on Day 2 
when no exposure took place. Therefore, in our view the 
elevation on Day 5 cannot be related to ETS particles 
but is rather due to methodological and biological varia¬ 
tion. Urinary mutagenicity in smokers was significantly 
increased after smoking whole MS. After gas phase MS 
smoking, a slightly increased urinary mutagenicity was 
observed. This leads us to conclude that the elevated 
urinary mutagenicity in smokers is almost completely 
caused by inhalation and deposition of MS particles. 
These results also seem to justify the application or uri¬ 
nary mutagenicity as an indirect measure for tar expo¬ 


sure in smokers [2]. The applicability of this method 1. 
however, is limited due to the high inter-individual vari¬ 
ation in urinary excretion of mutagens. 

Our findings on urinary mutagenicity are consistent 
with the following considerations: Air samples from to¬ 
bacco smoke polluted indoor environments have been i 
found to contain mutagenic substances which are bound 
to ETS particles [18. 22]. In a recent study, Salomaa et 
al. [31] reported only minor mutagenic activity (less than 
10% of the activity found in ETS particulhte phase) in 
the vapour phase of ETS when applying foe S.typhi- 
murium TA 98/microsome assay to both tobacco smoke 
fractions. As in smokers, urinary mutagenicity in ETS- 
exposed individuals could therefore be an indirect mea¬ 
sure for ETS particle exposure. Based on the particle 
concentration during ETS exposure (Table 1). a breath¬ 
ing rate of 0.5 nrVh and a deposition rate of 11% [13]. it 
can be estimated that the non-smokers in Study 2 could 
have taken up about 1.8 mg of ETS particles dining the 
8-h exposure session on Day 5, compared to about 300mg 
of particles taken up by the smokers when smoking the 
whole MS of 24 cigarettes. The Ames test with urine 
extracts is by far not sensitive enough to detect this expo¬ 
sure. A micro pre-incubation procedure is reported to be 
10 to 20 times more sensitive than the conventional plate 
incorporation test applied in this study [IB]. However, 
no ETS exposure-related increase ini urinary mutagenic¬ 
ity was observed by Kado et al. [18] when using the more 
sensitive test in a pilot-study under realistic exposure 
conditions. 

The results of the biological monitoring in.the pre¬ 
sent investigation demonstrate that the biomarkers which 
show ETS exposure-related increases (i.e. COHb. nico¬ 
tine, cotinine and thioethers). only indicate exposure to 
the gas phase of ETS. However, in active smokers the 
biomarkers nicotine and cotinine. as well as urinary 
mutagenicity, indicate uptake of the particulate matter 
of tobacco smoke. Urinary mutagenicity, which could be 
a potential marker also for ETS particle exposure, was 
found to be unchanged after high ETS exposure applied 
in this study. 

In conclusion, these findings give experimental evi¬ 
dence that for passive smoking, exposure to the gas 
phase of ETS is more important than to the particulate 
phase. In contrast to smoking, uptake of tobacco smoke 
derived particles during passive smoking seems to be 
very low and not detectable by the present methods 
available for biomonitoring. Therefore, linear risk extra¬ 
polation from smoking to passive smoking based on the 
common intake variables is not warranted. 
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ASSESSING THE IMPACT OF 
ENVIRONMENTAL TOBACCO SMOKE 
ON INDOOR AIR QUALITY: 

CURRENT STATUS 


C.W. Nystrom, Ph.D. C.R. Green, Ph.D: 


ABSTRACT 


The Impact of environmental tobacco smoke (ETS) on Indoor air quality depends primarily on. an 
assessment of exposure of nonsmokers to smoke constituents. ETS Is a dynamic aerosol which 
exhibits both spatial and temporal variations, losing volatile components from its particles 
and changing In particulate size over time. The ratios of sidestream to mainstream tobacco 
smoke concentrations are inappropriately used for assessment of the Impact of ETS because these 
ratios are affected by cigarette moisture content, filter ventilation, porosity of the paper, 
puff volume by the smoker, etc. Concentrations anticipated in Indoor air for CO, NHa, HCN, 
nicotine, and phenol derived solely from ETS are well below threshold limit values established 
for the workplace. Also, exposure to N-nltrosodlmethylamline and benzo[a]pyrene In ETS Is low 
when compared! to other environmental "sources. There Is no satisfactory particulate phase 
marker for ETS and finding a suitable marker or combination of markers Is a formidable chal¬ 
lenge for future research. 

INTRODUCTION 

Since environmental tobacco smoke (ETS) can produce annoyance and Irritation.to both the smoker 
as well as the nonsmoker, its Impact on indoor air quality has long been recognized. Under 
most conditions, the normal ventilation required to maintain a comfortable indoor environment 
for other reasons ts sufficient to prevent annoyance or Irritation for most people. The provlr 
slon of additional ventilation where a large number of smokers are present In a small area has 
been standard operating!practice to maintain comfortable indoor air quality. 

Concern among nonsmokers about the possible effects of inhaling other people's cigarette smoke 
emerged following! a 1971 speech by then Surgeon General Jesse Steinfeld, who called for a ban 
on smoking, In public places. Steinfeld said: ‘...evidence Is accumulating that the nonsmoker 
may have untoward effects from the pollution his smoking neighbor forces upon him* (Steinfeld 
1971). In 1974,, a workshop organized by Or. Ragnar Rylander of the Universities of Geneva and 
Gothenburg: was attended by scientists from around the world to consider the health consequences 
of ETS. These scientists acknowledged the annoying and Irritating effects of ETS but did not 
conclude that ETS Is a hazard to nonsmokers (Rylander 1974). 

Early attempts to estimate the exposure of nonsmokers to ETS based upon nicotine measurements 
suggested that a nonsmoker would inhale the equivalent of l/1000th to 1/lOOth of the mainstream 
smoke from a filter cigarette per hour (Hinds and First 1975). At this exposure rate, it would 
take four days for a nonsmoker to inhale the equivalent of the smoke from a single cigarette. 

Although this Interpretation of the data may still be valid today, we now know that the estima¬ 
tion, based on nicotine In the atmosphere, represents only the nicotine exposure per se. This 
will be discussed in more detail later. 


Charles W. Nystrom, Senior Staff RAO Scientist; and Charles R. Green, Princi pal: Sc ientist are 
1h the Research and Development Department, R.J'. Reynolds Tobacco Company, VHnston-Salem, North 
Carolima, 27102. 


213 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


2023380164 




Some researchers have determined that compounds suspected of significant biological activity 
are present In larger quantities In sidestream than In mainstream smoke. To some scientists 
this flmdlmgi did not necessarily reflect a serious hazard because of the substantial dilution 
expected as these compounds diffused! Into the Indoor environment. However; other scientists 
speculate that the higher levels in sidestream smoke does pose a serious health hazard to the 
nonsmoker. 

Evidence has been obtained that demonstrates that nicotine Is taken up by nonsmokers exposedi to 
ETS: Small quantities of cotinlne (a major metabolite of nicotine) was found! In urine, blood, 
and saliva of nonsmokers. A variety of studies in chambers and Indoor environments have been 
carried out. Estimates made by several investigators suggest that cotihine levels found in 
body fluids indicate smoke uptake equivalent to a few cigarettes per day by nonsmokers. 
However, at a recent workshop on ETS It was estimated that l/10th cigarette per day was more 
realistic (Rylander 1983). Also, during the past ten years, a number of epidemiological 
studies on the alleged health effects of ETS have been carried out and: their merits debated in 
the literature. Although It Is beyond the scope of this paper to discuss these studies; they 
are discussed In reports of two recent International symposia (Rylander 1983; Wynder 1984). 
Participants -In both symposia pointed out that the lack of adequate actual exposure measure* 
merits to ETS by the nonsmoking population under normal everyday conditions precludes any mean* 
tngful evaluations of the effects of ETS In these epidemiological studies. 

During this same period that ETS came under discussion, Indoor air quality also became a topic 
for detailed scientific study. Traditionally, the scientific community had directed Its ef¬ 
forts to control outdoor air pollution. However, specific examples of Indoor air contamination 
at concentrations sufficient to produce health effects were detected. Contaminants of concern 
include radOn, carbon monoxide, nitrogen dioxide, formaldehyde, asbestos fibers, microor¬ 
ganisms, and aeroaTlergens. Potential problems were compounded by the need to conserve energy 
as energy costs Increased. As a result, homes were Insulated better and natural! air exchange 
with, outside air was reduced. Scientists pointed out that a large portion of the population 
spends 90% of their time indoors. Studies have shown that outdoor concentrations of pollutants 
may be poor Indicators of the Individual's Indoor exposure. However, efforts to assess prob¬ 
lems associated with Indoor air pollution are limited by Insufficient Information about the 
number of people exposed, the pattern and severity of exposure, and the health consequences o(. 
exposure. In evaluating the Impact of ETS on indoor air quality, it Is necessary to Identify 
and quantify tobacco smoke components released Into Indoor air. Also, the dynamic relationship 
of ETS to other constituents in Indoor air, is ultimately required. __ 


DESCRIPTION OF ETS 

Environmental! tobacco smoke Is a mixture of both sidestream smoke (SS) and exhaled mainstream 
smoke (EHS). In the literature 'sidestream smoke* is often used synonymously with ETS, however 
no evidence exists to indicate these are equivalent. This paper presents Information' vhnufnp 
that SS is not an H fffmif*" turrno«t» far FT5 and such use of ss is InappronrUt* 
The composition: of ETS is complex, unstable, and Is dependent on the chemical and physical 
properties of the mixture of SS and IKS over time. It is also dependent on the proportions of 
both and on the environment into which they are released (volume of space, ventilation rate, 
absorbency of surfaces, etc.). From the moment of formation, ETS components may change sub¬ 
stantially with time (the *agingr process). 

The relative contributions of SS and EHS to ETS have not been definitively established. 
However, a rough estimate can be made from the data obtained by First (1984) with unfiltered 
cigarettes. In these studies, MS and EHS particulate phases were collected on separate fil¬ 
ters, extracted with methanol, and quantitatively determined by the UV absorbance (400 nm). 
Based on the difference between the MS and the EHS filters, a mean pulmonary deposition of ap¬ 
proximately SOX for M5 was calculated. Although partial chemical compos1t1on>of MS, but not of 
EHS was reported; it was not possible to determine how the H$ particulate phase changed as a 
result of inhalation. While data for SS compositions were presented, the methods of SS collec¬ 
tion and analysis were not described. Assuming First's data are valid (and assuming a SOX 
retention of MS), the contribution of EHS and freshly generated (unaged) SS to ETS can be 
roughly estimated; e.g,, SS would contribute approximately 67X of the particles of unaged ETS, 
SOX of the *tar,” 78% of the nicotine, 88% of the benzo[a]pyrene, and 90% of the CO. For some 
compounds, the contribution to ETS may be ever greater tian calculated here; e.g.. It has been 
demonstrated that about 90% of K5 nicotine Is retained during inhalation,. Consequently, more 
than 90% of the nicotine found in ETS may originate during the smolder of a cigarette. 

Based on First's estimates, we have chosen to place our Initial emphasis on the properties of 
SS and follow what happens to it as it diffuses Into the IndOor atmosphere. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 


COMPARISON OF mu STREAM (M5) AMD SIDESTREAM fSSV WOKE FORMATION 

The conditions during the formation of MS and SS smoke has been investigated In great detail by 
means of a variety of techniques Including Incorporation of radioactive tracers Into smoke, 
determination of gas and coal temperatures of the cigarette during the smoking cycle, and: the 
determinations of concentrations of Individual gases such as CO, CO?, H?, 0*, and propane, 
around the burning coal, (Baker 1975, 1980, 1981a, 1981b, 1962, 1984; Baker and Crellln 1977; 
Johnson et al. 1973; Jenkins et a). 1975, 1977a, 1977b). The burning cigarette Is shown dl- 
agramatlcally In Figure 1. The smoke formation process Is dynamic and conditions change during 
the puff and: smolder periods. To Illustrate differences, temperature of both solid and gases 
within regions of the cigarette coal as reported by Baker (1975) are shown at 1 s Into the puff 
In Figure 2 and again 1 s after the completion of the puff In Figure 3. In general, the tem¬ 
peratures are somewhat lower during the smolder period and will decrease even further as the 
smolder period (up to 58 a) continues. In Figure 4, the CO concentration 1m the burning zone 
of the cigarette is shown at different times during the puff/smolder cycle (Baker 1975). In 
Figure 5, the CO distribution Is shown during the smolder period both Inside the cigarette and 
the area above the cigarette (Baker 1977). In Figure 6 , the temperature above the smoldering 
cigarette is shown (iNeurath 1956). Note that the gas plume has a significant temperature 
(200°C) at 13 mm above the cigarette. Again, the reader is referred to the previously cited 
papers for more detail on this subject. 

Mainstream smoke particles are thought to arise primarily from materials formed in the periph¬ 
eral portion of the pyrolysis/distillation zone behind the burning coal (see Figure 1). As 
these materials, primarily gases, are drawn towards the smoker's mouth by the puff, a portion 
condenses to form the particulate phase of the MS smoke aerosol. The constituents of the SS 
smoke plume are believed to be formed in both the axial and peripheral region of the pyrolysis/ 
distillation zone. These gaseous constituents diffuse out of the cigarette primarily at a 
point about 0*4 mm behind the paper burn line where a portion of this vapor condenses tO' form 
the SS particles. The vapor leaving the pyrolysis/distillation region of the cigarette to the 
SS plume Is subjected to greater dilution and more rapid temperature losses than that pulledl 
through the tobacco rod to form MS (Baker 1982). These conditions would be expected to favor 
the formation of smaller SS particles, which indeed has been shown to be the case as discussed 
later. The major portion of the gaseous sidestream components originates from the cigarette 
coal, rising in a fairly well-defined column centered about 3 mm in front of the paper burn 
line. This gas plume Is primarily composed of CD, CD?, Hj, and H? 0 . In addition to the SS 
plume,, small quantities of gases such as CO and NW 3 diffuse through; the cigarette paper into 
the environment during both the puff and smolder periods. 

PARTICLE SIZE OF ITS 


The fate of ETS particulate matter in the Indoor environment depends on, amongi other things, 
its particle size distribution Initially. The size distribution of SS particles was determined 
over a period of time in an 0 . 5 -m 3 chamber. Size distribution and concentration of SS parti¬ 
cles were determined with a combination of an optical particle counter, an electrostatic 
mobility analyzer system, and a condensation nucleus counter (Ingebrethsen and Sears 1985). 
Their results were as follows: At low mass loadings (several yg/m 3 ) typically observed in ETS, 
the particles have a mean diameter of 0.098 micron, and a mass median diameter of 0.185 micron. 
While higher mass loadings >220 ug/m 3 , the ETS particles have a median diameter of 0.14], and a 
mass median diameter of 0.21 micron. In all cases there is an Insignificant mass >1.0 micron 
size and a large number of particles <0.10 micron. Figure 7 shows an Increase in the average 
mass diameter over time as determined by optical particle counter measurements. Based on these 
and other supporting data, Ingebrethsen and Sears (1985) conclude that the smaller average mass 
diameter in the early portion of the curve Is a result of evaporation of volatile constituents. 
Subsequently, the average mass diameter increases very slowly due to a combination of coagula¬ 
tion and deposition of smaller particles on surfaces. Surface deposition of ETS is the main 
route of removal In a static situation and Is a function of particle size, mixing rate, and 
room size and shape. It Is estimated that 20-30% of the particulate matter In 'fresh* ETS Is 
lost by evaporation of volatile constituents. 

PROBLEMS IN COLLECTING REPRESENTATIVE SS SMOKE SAMPLES 


MS smoke Is readily collected by a variety of techniques which can be reproduced from one 
laboratory to another. This Is possible because techniques have been devised to essentially 
duplicate the process of puffing on the cigarette. The burning end of the c igaret te is held 
under conditions comparable to those occurring when a cigarette Is smoked by a smoker. Al¬ 
though small changes in MS smoke chemistry nay occur as a result of the collection procedure. 


215 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


99T08CC20Z 



It Is generally accepted that the smoke collected at the butt end of the cigarette Is represen¬ 
tative of the K5 smoke received by the smoker. However, In the case of SS smo ke, t he anally ti- 
cal problem I s much more complex because the collection process interferes with the ~horm«l 
burning - process 01 the Cigarette and with Its diffusion Into the atmosphere. These Interferen¬ 
ces could Include the reduction In the diffusion of the SS gases Into the atmosphere, tempera¬ 
ture and> associated chemical changes decreases as the SS plume diffuses Into the atmosphere, 
and/or Interferences In the normal burning process In the cigarette coal. Several of these 
problems have been reported with the apparatus used to collect sidestream smoke (Brown et ah 
1980; Harris and Hayes 1978; Neurath et al. 1966; Sukama 1983). Perhaps,, the apparatus most 
frequently employed In investigating SS composition Is the modified Neurath chamber shown in 
Figure 8. The main problem Is that the temperature Inside this collection device Increases 
considerably. Although adjustments can be made In the airflow to reproduce the HS FTC "tar* 
delivery rate. It Is possible that the combustion/pyrolysis products may undergo quite dif¬ 
ferent changes during mixing and Increasing temperatures than normally occurrs In SS smoke for¬ 
mation. Recently Brunnemann et ail. (1980) compared SS smoke In a hermetically sealed chamber, 
end found only 67-87* of the expected amount of N-nltrosodlmethylamlne (NOMA) as in the 
modified Neurath chamber. Stehllk et al. (1981) founH 25% less NOMA when SS SNOTTe was allowed 
to diffuse Into a sealed chamber compared with that In the modified Neurath chamber. Hence, 
smoke chemistry based on these collection techniques may not reflect the chemical composition 
of ETS to which the nonsmoker is exposed. 

FACTORS THAT NAY AFFECT SS/HS RATIO 

The use of the SS/HS ratio for smoke constituents has been a common practice which evolved In 
an attempt to draw attention to the ETS Issue. Although this practice may have provided 1 useful 
Information In the early days, It has little practical relevance since the ratio may be 
modified by a number of factors. For example, the levels of some cigarette smoke components 
are greater In the SS smoke because more tobacco Is burned during smolder than during the puff 
periods. Some additional factors are dlscussedlin the following text. 

Moisture Content 

The moisture content does affect the amount of tobacco burned during the puff and smolder peri¬ 
ods. In Table 1, the quantity of tobacco burned during the puff and smolder periods for a low 
moisture (4.2%) and a normal or control (12.6%) tobacco are used to calculate the ratio of the 
puff/smolder period. A much greater portion of the tobacco rod IS consumed during the smolder 
period under normal conditions versus those In the test. When the tobacco moisture is low,, the 
quantity of tobacco burned during the smolder period is significantly Increased; ratio of 
smolder/puff was 2.52 compared! to 1.74 for control. Of course, the tobacco Industry makes a 
great effort to keep Its products at the optimum moisture level but such an effect could be 
produced If the cigarette packs are left opened, or stored for a long time In hot dry climates, 
•tc. 

Air Dilution 

Air dilution from filter perforations affects the SS/HS ratio causing major reductions In all 
HS components. This source of air dilution IS characteristic of many commercial cigarettes. 
Browne et al. (1980) investigated the effect of this source of air dilution on some major MS 
and SS smoke components. Their results show that the SS/HS ratio for •tar", CO, and nicotine 
increases as air dilution rate Increases, see Table 2. 

Paper Porosity 

Another factor that affects the SS/HS ratio Is the porosity of the cigarette paper. The 
results of a study on the effect of paper porosity conducted by Harris and Taylor (1980) are 
Shown in Table 3. It can be seen that the ratio of tobacco burned during the smolder to that 
burned during the puff period Increases as the paper porosity Increases. This would be expec¬ 
ted to increase the SS/H5 ratio of most constituents similar to air dilution. 

Puff Vo 1 line 


Another factor that Influences the SS/HS ratio is the puff volume used by the smoker. This was 
also Investigated by Browne et al. (1968). In Table 4 are data from Browne et al. (1980): and 
Perfettl et al. (1983). As the puff volume increases, the SS/HS ratio for 'tacit,.CO, and nico¬ 
tine decrease^ 
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t< r ns tatlos In Coewerclal Clgirettes 

Other factors could be cited, but the point Is that the SS/MS ratio Is not constant and can 
wary considerably. To illustrate this, the results of analyses of some typical commercial cig¬ 
arettes smoked under standard Federal Trade Commission test conditions for selected HS and SS 
constituents are shown In Tables 5 and 6 . These results, obtained by Harris and Hayes (1978), 
are not necessarily representative of all commercial cigarettes, but they do give an overview 
of what one might expect if a systematic survey were made. Note that, although wide variations 
in SS/HS ratios are obtained, the actual SS values do not vary appreciably. 

yfftet of Dilution as SS Diffuses into Indoor Air 

The anticipated Impact of dilution In room air on the concentrations of specific SS smoke con¬ 
stituents as they diffused into the indoor environment is Illustrated In the following: Table 
7 shows average values calculated from the SS smoke values shown in Tables S and 8 . In addi¬ 
tion^ average values of four coonerclal cigarettes as reported by Adams et al. (1985) for ben- 
zolalpyrene (B[a]P), catechol, and N-nltrosodimeLhylamlne (NOHA), are Included. To Illustrate 
the - effect of 3 lHut 1 on, It Is assumed that indicated smoke constituents undergo a dilution 
similar to that of the particulate matter from ETS. Obviously this assumption is not a totally 
accurate assessment of what will happen, but it does give an estimation of what quantities of 
these constituents might be expected In Indoor air If they behave similarly to particulate mat¬ 
ter. The values of 25 and 250 ng were selected since these quantities seem to represent re¬ 
alistic conditions. In the only study that has attempted to correct for other sources of 
respirable suspended particles fRSP} . results by Spengler et al. (1985) show that an Increase 
of about "2 o-Z 5 ug/m J In RSP is observed In a home with one smoker versus homes with no smokers. 
As an additional reference point, the current threshold limit values (TLVs ) recommended by the 
American.Conference of governmental Industrial Hygienists for exposure In the workplace for COl 
nicotine, NH 3 , HCN and phenol, TiiVs values are shown in Table 7. The concentrationi of each of 
these constituents found In these studies are extremely low and well below the TLVs for expo¬ 
sure In the workplace. 

It Is also of Interest to compare the dally exposure of the nonsmoker to B[a]P and NONA at an 
assumed exposure of ETS particles (25 ug/m 3 ) with those from other sources' These have been 
calculated and are shown in Table 8 and compared to values reported In the literature for expo¬ 
sure from air pollution (range shown Is for several different cities) and dietary Intake 
(Sawicki et al. 1950; Dennis et al. 1983; Preussmann 1983). 


DECAY OF SPECIFIC ETS CONSTITUENTS IN AN ENVIRONMENTAL CHAMBER 


Investigations In an 18-m? stainless steel test chamber have been described by Heavner et al. 
(1965). This chamber has the capability to be operated In six modes. Techniques for the mea¬ 
surement of temperature, humidity, and air exchange rates are provided:. The chamber may be 
operated manually or under control of a computer, which can also log data directly. Analyzers 
directly coupled to the chamber include continuous monitors for measurement of CD,, COy, NO, 
NO?, and FID response. Particle-measuring Instrumentation for size distribution^ number con¬ 
centration, and mass concentration is also provided. An atmospheric pressure chemical Ioniza¬ 
tion NS/MS system (APC1 KS/MS system) with the capability to measure up to eight selected com¬ 
pounds (Szadkowskl et al. 1975) has been used to detect only compounds In the gas phase. 
Cenerally, the analytical systems are calibrated with National Bureau of Standards (NBS) trace¬ 
able gases or certified permeation tubes. The chamber Is provided' with remote Ignition and! 
extinguishing of the cigarette. In the experimental studies reported, the cigarette Is smoked! 
according to standard FTC conditions, a 2-s 35-ml puff once per minute. The HS smoke Is ex¬ 
hausted from the chamber whereas the SS smoke from one cigarette was allowed to diffuse 
throughout the chamber. The chamber was operated In the static mode; therefore, the concentra¬ 
tion obtained was the maximum possible from one cigarette. 


In Figure 9, the changes In nicotine and particulate matter over time are shown when:the en¬ 
vironmental chamber Is operated In the static mode (no air exchange). Nicotine was determined 
by the APCI HS/H5 system and particulate matter by the piezoelectric balance. Note that nico¬ 
tine and particulate matter decay at different rates. 

In Figure 10 , the changes In nicotine and pyridine under static chamber conditions are shown. 
Neither the nicotine nor pyridine follow the same rate of decay. 

Other studies are Investigating the effects of factors such as mixing rate and air exchange on 
the decay of ETS constituents. The static conditions used to obtain the resuYtr-reported are 
not representative of the real-world situations, and the differences 1 m decay observed between 
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nicotine, pyridine, and particles say not be as great when other factors are considered. 
Nevertheless, these results suggest that extreme caution Bust be used Ihi attempts to extrapo¬ 
late from observed concentration of one constituent to another. 

NICOTINE as A MRKER FOR ETS OR CTS EXPOSURE 

Nicotine Is a unique component of tobacco smoke, and tobacco products are generally the only 
source of this alkaloid In Indoor air. Nicotine Is a major component of tobacco smoke and has 
been considered by several authors as the largest component of ETS particulate Batter other 
than water. Recent studies by Eudy et al. (1985) have established that nicotine Is not a com¬ 
ponent of ETS particulate phase but Is In the gas phase of ETS. 

Nicotine determinations In Indoor air therefore t imely reflect the exposure to the concentra¬ 
tion of nicotine oer se. Huramatsu et al. (1984) recently conducted a survey of - nicotine COrt-" 
centratIons In a numberof real-life conditions; their results are shown In Table 9. 

USE OF C0TIN1NE IN BODY FLUIDS IS A MARKER FOR CTS fXPOSURE 

Other Investigators have used the cotlnine concentration in body fluids to estimate nicotine 
uptake and to calculate exposure In cigarette equivalents. Although the relationship between 
nicotine uptake and cotlnine concentrations in body fluid* has been established for the smoker, 
a similar relationship between nicotine uptake at dose levels comparable to that received by 
the nonsmoker from ETS has not been established. Two studies have been reported in which this 
was attempted. However, In both cases, the ETS concentrations are much higher than normally 
encountered by the nonsmoker in real-life situations. More Importantly, the variability Ih.the 
concentration! of cotlnine In the body fluids Indicates it will be very difficult to estimate 
the nicotine uptake. 


In Table 10, the concentrations of specific ETS constituents In a test chamber employed by 
Hoffmann et al. (1984) In the exposure of individuals to ETS are shown. The average values for 
cotlnine In body fluids obtained at different exposure levels are shown In Table 11. Unfortu¬ 
nately, only the average values are given, and no indication of the differences between indi¬ 
viduals for the cotlnine concentrations in body fluids Is presented. 

Johnson et al. (1985) exposed ten healthy subjects to ETS in a climatic chamber for a period of 
three hours. Since the CO averaged 25-30 ppm and the nicotine was about 280 vg/mf, It Is ap¬ 
parent that high ETS concentrations were used. The results of cotlnine analysis ini body fluids 
are summarized In Table 12. Two different nethod* of analysis for cotlnine were employed. 
Note the large variability In the concentrations of eot1M »» in n Hne observed in Individuals 
presumably exposed to the same quantity of nicotine. These results suggest that the individual 1 
variability in the biological handling of nicotine will greatly influence the quantity of cotl¬ 
nine In the urine. Hence, it Is very difficult to relate ETS nicotine exposure to cotlnine In 
body fluids. Once again. It should be noted that even If this can be done, It will only be an 
Indicator of nicotine uptake and aay or Bay not reflect the exposure to other ETS constituents. 
More work Is needed in this area;. 

USE OF CARBON MONOXIDE AS MARKER FOR ETS 


Carbon nonoxide IS; a major SS gas-phase constituent and, hence. Is a major component con¬ 
tributed by. ETS to Indoor air. Historically, it has been the most widely used chemical Barker 
for Bonitorlhg ETS exposure. This no doubt results from the fact that readily available tech¬ 
niques for measurement of both the concentration of CO in air and the uptake or absorption of 
CO by humans are available. The latter is possible since the concentration of carboxyhemoglo- 
bin (CQHbV can' be readily measured. * 

Despite the ready availability of analytical techniques, it has been; difficult to discern the 
effect of CO from ETS except under extreme conditions of experimentally designed exposure. 

This difficulty is due to interference from other sources of CD. If you recall. It was esti¬ 
mated earlier that as one allows for atmospheric dilution, the CO from ETS would be highly dl- 
luted. It was estimated that conditions that would result in a particulate concentration of o 
250 vg/m 3 would result In about 979 vg/m 3 or roughly 1 mg/m 3 of CO. This is equivalent to 
slightly less than 1 ppm. Thus, although it Is a major component of ETS, the CO from ETS would f < 
generally be expected to contribute less than 1 ppm CO above background levels from other 
sources. Since a variety of other sources, including heating, cooking, and vehicle exhaust, 
often create background concentrations in the ppm range. It is usually difficult to show a 
specific Increase In CO due to ETS except in controlled chamber studies (Dahms et al. 1981; § 
Pimm et al. 1978; Russell et al!. 1973; Seppanen et al. 1977; Seppanen 1977) where high levels £* 
of ETS are used. 
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t,m (COHb) In the blood. Although swell increases In COHb can be demonstrated 1h Individuals 
exposed to high levels of ETS In controlled chamber exposure studies, It Is not possible to 
shoM consistent Increases In the COHb of nonsmokers exposed to ETS due to the contributions 
from other sources. Also,, the concentrations of COHb In nonsmokers In general are relatively 
low (Carsky et al. 1980; Cole 1975; Elnbrodt et all. 1976; Janzon et al. 1981; Stewart et al. 
1974;. Stewart et al. 1976; Wald et al. 1961). Hence, It can be concluded that the CO Is an 
Ineffective marker for ETS exposure and also that ETS CO has an insignificant effect on. the 
COHb concentration In nonsmokers. 

MARKER FOR ETS 9ARTICLES 

CO and nicotine are representative components of the gas phase of ETS. However; there is a 
definite need for a marker to separate the contribution of ETS particles from other particulate 
sources. Since nicotine Is not a viable marker for ETS particles, this will! be a formidable 
task. Work Is underway in several research laboratories attempting to Identify a marker for 
ETS. Such a marker or markers Is essential for determination of the exposure of nonsmokers. 

SIGNIFICANCE OF THE LARGE HUMBER OF CONSTITUENTS IN CIGARETTE SMOKE 

As the controversy over ETS has evolved, several Individuals have expressed concern about the 
large number of constituents identified In tobacco smoke. Although SS has not been investi¬ 
gated as extensively as MS, it is anticipated that the same compounds are present In both. ? 
Host of these SS compounds are present at concentrations well below levels required to produce 
a biological' effect. In fact, It Is evident that we are all exposed to similar numbers of com- 
pounds from other environmental sources. If the same detailed and aggressive techniques were 
applied to our food supply, a similar number of compounds could possibly be Identified;, e.g., 
Ina recent review on coffee, cocoa, and tea flavors by Fiament (1983), it was reported that 
approximately 620 compounds have been identified In coffee flavor, 380! compounds in tea flavor, 
and 420 compounds In cocoa flavor. It was also noted that nearly 4000 volatile compounds were 
listed as components of food products. 

CONCLUSIONS 


ETS Is recognized to contain a number of constituents capable of Impacting Indoor air quality. 
Because of many components with a low odor threshold and its visibility, the presence of ETS is 
readily detected even at low concentrations. Hence, it may be a marker that reflects poor or 
Inadequate ventilation. ETS is a dynamic material formed primarily from the sidestream of the 
smoldering cigarette and its particle size changes due to evaporation of volatile constituents 
and other processes as it mixes In the indoor atmosphere. Much additional work is needed! to 
establish the true contribution of ETS to specific chemical! constituents in the Indoor air. 
The use of SS/MS ratios Is inappropriate to assess the Impact of ETS because these ratios are 
affected by moisture content, filter ventilation, porosity of the paper, puff volume by the 
smoker, etc. It would seem to be more Important to determine the concentration of specific 
constituents of ETS to which the nonsmoker Is exposed In the Indoor atmosphere. The estimated 
concentrations for CO, NH 3 , HCN, phenol and nicotine, when anticipated dilution is considered, 
suggest that they are extremely low when compared to the TLVs established for each of these 
constituents In the workplace. Estimates of exposure to NDMA and B[a]P at anticipated dilur 
tions In Indoor air from ETS Is relatively low when compared to exposures from other sources 
such as dietary Intake, air, ate. 

At present, there is no satisfactory marker for ETS; especially the particulate phase of ETS. 
Nicotine Is a component of the gas phase of ETS and preliminary evidence Indicates that H 
decays: at a different rate than the particulate phase. Finding: a satisfactory marker or 
markers to assess the contribution of ETS to Indoor air and for use in exposure assessment are 
the challenges which must be met In the future before the impact of ETS on Indoor air quality 
can be assessed satisfactorily. 
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TABLE 1 

Effect of HOIsture Content on The Quantity of Tobacco Burned during Puff and Smolder of 

Cigarettes 


MOISTURE 

BURN 

TOBACCO 

RATIO 

CONTENT IX) 

PERIOD 

BURNED(mg) 

(SMOLDER/PUFF) 

4 

SMOLDER 

63.0 

2.52 

(DRY) 

PUFF 

25,0 



SMOLDER 

48.7 


12.6 



1.74 

(CONTROL) 

PUFF 

28.5 
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Effect of Filter Ventilation (Air Dilution) on SS/MS Ratio of 'Ter', CO, and Nicotine from 
Cigarettes Smoked under Standard Conditions (Browne et el. 1980) 



SMOKE 

'TAR' 

RATIO 

CO RATIO 

NICOTINE 

RATIO 

VENTILATION 

Mo Dilution 

STREAM 

Si 

en/cio. SS/MS 
if. 55 

•j/clfl. SS/MS 


SS/MS 




0.597 

2.67 


3.32 


MS 

29.38 


18.6 

1.79 


33% Dilution. 

SS 

18.97 


49.3 

6.73 





0,849 

3.82 


4.37 


MS 

22.35 


12.9 

1.54 


48% Dllutioni 

SS 

18.95 

1.207 

58.4 

8.85 

6.36 

5.48 


MS 

15.71 


6.6 

1.16 


83% Dilution 

SS 

19.19 


56.3 

6.90 





2.139 

23.5 


12.5 


MS 

8.97 


2.4 

0.55 



TABLE 3 


Effect of Cigarette Paper Permeability on Tobacco Burned In Puff end Smolder of Cigarette 

(Harris end Taylor 1982) 


POROSITY (cm/mln) 

BURN PERIOD 

mg BURNED 

RATIO 

Smolder 

32.45 


7 

PUFF 

42.38 

0.77 


SMOLDER 

49.10 


45 

PUFF 

33.59 

1.46 


TABLE 4 


Effect of Puff Volume on Yield of 'Tar', CD, end Nicotine in Sidestream (SS) end Mainstream 

(MS) and on SS/MS Ratio 


PUFF 

SMOKE 

'TAR' 

RATIO 

CO 

RATIO 

NICOTINE 

RATIO 

VOLUME 

STREAM 

»g/cig. 

SS/MS 

mg/cig. 

SS/MS 

mg/cig. 

SS/MS 

17.5 ml 

5s 

20.31 

63.0 

6.50 




.946 


6.77 


5,46 


MS 

21.45 


93 


1.19 


35 ml 

SS 

17.55 

.597 

49.6 

2.67 

5.94 

3.49 


MS 

29.38 


18.6 


1.70 


50 ml 

SS 

18.64 

.544 

56.4 

2.76 

6.12 

2.90 


MS 

34.27 


20.4 


2.11 


From Browne et al. 

(1980) 






20 ml 

SS 

26.9 

1.42 



4.27 

2.89 


M5 

18.9 




1.48 


35 ml: 

SS 

25.4 

.988 



4,33 

2.17 


MS 

25.7 




2.00 


65 ml 

SS 

22.2 

.663 



3.73 - 

1.57 


MS 

33,5 




2.38 



From Perfetti et el. (1983) 
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TABLES 


Yields and Sidestream/Mainstream Ratios (SS/MS) of Nicotine, CO, and 'Tar', from Comnerclal 
Cigarettes Smoked under Standard Conditions (Harris and Kayes 1978) 



SMOKE 

NICOTINE 

RATIO 

FTC 'TAR' 

RATIO 

CO 

RATIO. 


BRAND 

STREAM 1 

it 

•q/da. 

4.4 

SS/M5 


SS/MS 

■HP- 

SS/MS 





3.38 


0.89 


3.33 



MS 

1.3 


19.2 


19.3 



B 

ss 

. 4.0 

3.64 

16.7 

0.91 

54.2 

yos 



M5 

1.1 


18.3 


17.8 



C 

SS 

4.4 

5.5 

15,1 

1.40 

60;3 

3.58 



MS 

.8 


10.8 


16.8 



0 

SS 

3.9 

6.5 

15.0 

1.69 

59.2 

5.19i 



MS 

.6 


8.9 


11.4 



E 

SS 

4.2 

21.0 

10.7 

7.13 

45.1 

19.6 



MS 

.2 


1.5 


2.3 



F 

SS 

4.2 

21.0 

10.2 

4.86 

47.3 

14.3 



MS 

.2 


2.1 


3.3 



C 

SS 

5.6 

3.29 

19.5 

0.90 

77.6 

2.96 



MS 

1.7 


21.6 

TABLE 6 


26,2 



Yields 

and Sidestream/Mainstream Ratios 

(SS/MS) of Phenol, HGN, 

and NHv from Comnerclal Clga- 


reties Smoked under Standard Conditions (Harris and Kayes 1978} 



SMOKE 

PHENOL 

RATIO 

HCN 

RATIO 

nh 3 

RATIO 


BRAND 

STREAM 

uo/cia. 

SS/MS 

Bfl/elJBk _ 

SS/MS 

mq/clg. 

SS/MS 



Ss 

61 

1.69 

140 

0.42 

6.17 

199 



MS 

36.1 


344 


.031 



B 

SS 

69 

2.4 

114 

0.31 

B.40 

156 



MS 

27.9 


363 


.054 



C 

SS 

68 

2.65 

... 


5.80 

290 



MS 

25.7 


151 


.020 



0 

SS 

58 

3.63 

133 

0.82 

7.86 

328 



M5 

16.0 


163 


.024 



E 

SS 

54 

20.0 

97 

3.34 

5,05 

1263 

8 

CO 


MS 

2.7 


29 


.004 


F 

SS 

61 


• • • 


5.67 


CO 




9.10 


• • : 


1134 

00 


MS 

6.7 


17 


.005 

- — 

o 










6 

SS 

103 

1.96 

143 

0.38 

8.30 

231 

2f 


MS 

52.5 


379 


.036 
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TABLE 7 


Effect of Dilution.on Concentration of Individual FTS Components Assuming *T.ar* as. Reference 

Material and Comparison to TLVs (ACGIH 1984-85) 


SMOKE 

COMPONENT 

TYPICAL 

SIDESTREAM 

YIELD 

'TAR' 

14.9 mg 

CD 

58.0 mg 

NICOTINE 

4.39 mg 

nh 3 

6.75 mg 

HCN 

71 vg 

PHENOL 

68 vg 

CATECHOL* 

83.5 yg 

BAP* 

52.5 ng 

NOMA* 

657 ng 


* Based on values reported by Hoffmann 
*• This is 87 picograms. 


concentra; 
vg / m- 

[ION 

TLY-TVA 

It9 / m 3 

25 

250 


97.9 

979 

55000 

7.4 

74 

500 

11.3 

113 

1BD00 

0.12 

1.2 

10000(c) 

0.11 

1.1 

19000 

0,14 

1.4 



0.000087** 0.00087 

0.00110 0.0110 

et al. (1985). 


TABLE 8 

Comparison of Dally Exposure to NDMA and B[a]P from ETS and from Other Sources 



ETS PARTICULATE 
(25 vQ/m 3 ) 

FOOD INTAKE 

A1IR 

NDMA 

0.0242 yg 

1.1 vg (1979) 

0.5 vg (1981) 

* 

B[a]P 

0.00174 vg 

0,17 vg 

0.038-0.41y9 


* R. Preussmann estimates daily exposure of workers In the rubber Industry to be 15-150 vg 
(MDMA and NMOR). 
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TABLE 9 


NICOTINE IN VARIOUS LIVING ENVIRONMENTS (Nuramatsu »t il. 1964) 


NICOTINE CONCENTRATION 
_yq/m 3 _ 


LOCATION NO. 

OF SAMPLES 

RANGE ' 

wmmmi 

OFFICE A 

4 

9.34-31.57 

19.44 

OFFICE B 

6 

14.60-26.08 

22.15 

LABORATORY 

8 

1.76-9.64 

5.80 

FIVE CONFERENCE ROOM5 

5 

16.54-53.01 

38.73 

THREE HOUSES 

5 

7.61-14.60 

11.16 

HOSPITAL LOBBY 

7 

1.89- 5,02 

2.98 

FOUR HOTEL LOBBIES 

5 

5.45-18.06 

11.18 

SEVEN TEA ROOMS 

12 

15.10-60.89 

33.41 

FIVE RESTAURANTS 

8 

7.09-27.81 

14.76 

THREE STUDENT CAFETERIAS 

6 

11,59-42.16 

26.42 

THREE BUS AND RAILWAY 
WAITING ROOMS 

6 

10,05-36.43 

19.07 

FOUR CARS 

4 

7.73-83.13 

47.71 

EIGHT TRAINS 

8 

8.64-26.14 

16.42 

SEVEN AIRPLANES 
(DOMESTIC AIRLINE) 

7 

6.28-28.78 

15.18 


TABLE 10 

Test Laboratory Conditions for Exposure of Subjects to ETS (Hoffmann et al. 1984) 


Size: 16.3 m 3 
Temperature: 22 ♦ 1 C 
Air Exchanges: STx times per hour 
Pollutants: Sidestream smoke of four concurrently 
smoked 1RI reference cigarettes 


ETS Constituent 


Concentration 


Particulate matter 
Nicotine 

Hydrogen cyanide 
Carbon monoxide 
NO 

Formaldehyde 


4,600 vg/m 3 
280 vg/m 3 
56 vg/m 3 
25 ppm 
0.91 ppm 
160 vg/m 3 
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TABLE 11 


Cotinline Levels (Summary of Average Values) In Saliva, Serum, end Urine on Volunteers Exposed 

to ETS (Hoffmann et al. 1984} 


Saliva Serum Urine 

(nq/lnl) (nq/mil.) (nq/mq creatinine) 


Time 

4 

4 

2 

3 

4 

Baseline 

1.8 

8.9 

14 

14 

14 

1 40 

1.1 

u*# 




I 60 

2.1 

1.2 

16 

21 

28 

0 30 

1.7 

1*8 




0 120 

2.5 

2.9 

21 

34 

46 

0 240 

2.0 

3.3 




0 300 

3.5 

3*8 

21 

38 

55 


Numbers represent room pollution by smoke of 2, 3, or 4 cigarettes. 
1 * Inside exposure room during pollution. 

0 • Outside exposure room after leaving the room. 


TABLE 12 

Cot1nine In Body Fluids by Two Methods after Three Hours Exposure to ETS (Johnson et al... 1985) 

(Nicotine 280 vg/m*; CO 25-30 ppm) 


SOURCE TIME OF N X 4 S.D, 

COLLECTION -..•« 

(HOURS) RADIOIMMUNE CAS 

ASSAY CHROMATOGRAPHY 


Saliva 

(i»g/«i) 

Plasma 

(ng/ml) 

Urine 


8 

4 

24 


8 19,7 4 4,58 18.72 4 6.25 

9 9.00 4 4,88 8.88 4 5.31 

10 110.21 4 54.75 83.83 4 47.3 
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Figure I. Diagram of the burning cigarette (Baker 1984) 
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Figure J. Temperature (*C) distribution in the cigarette coaJ at f a after 
the end of the puff fSalcer 1975) 
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Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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(b) Time » 1 second! 



Distance from line of paper burn (mm) 


ripur* 4. variation in carbon monoxide (tv/v) distribution inside the 
burning rone after the start of a 2 s puff (Baker t994) 
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Figure 9 . Modified Seurath Chamber for collection 
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Coaperison of docay of nicotine 
and particulate matter of BTS in 
chamber operated in atatic mode 
(no air exchange) 


figure 10. Comparison of decay of nicotine 
and pyridine of STS in chamber 
operated in static mode (no air 
exchange) 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 








The Aging of Sidestream Tobacco Smoke Components 
in Ambient Environments 

R.R.Rawbone, W.Bums, and G.Haslett 


Summary 

A large number of sidestream smoke components have been measured over a 50-min 
time period in a well-defined experimental room. The results show a variable rate of 
decay following smoking which would suggest that extrapolation from a single 
measured "marker" to other potential smoke components should be performed with 
caution^ 


Introduction 


Environmental tobacco smoke is a dynamic aerosol and its characteristics, both physical 
and chemical, depend on a number of factors; these include the elapsed time since its 
formation, whether the smoke plume is allowed to fully form before dispersion and the 
more general dilution within the ambient environment [1], In terms of a single point 
sampling site the resultant measurement value will therefore not only depend upon the 
characteristics of the environment and the number and manner of cigarettes being 
smoked but also upon both temporal and spatial factors of the sampling position relative 
to the smoking. 

This dynamic nature of the aerosol results not only in a loss of volatile components, 
including nicotine, from the particles to the vapour phase, but also in a complex and 
variable behaviour of the individual chemical components which manifests in their 
exhibiting different dtcay characteristics. This is of importance in the interpretation of 
ambient air studies which are generally limited to the measurement of one or two 
environmental tobacco smoke markers. 

The objective of this paper is to demonstrate this variability in decay patterns for a 
series of chemical measurements over a 50-min period following smoke generation in a 
well defined experimental room. 



i 

i: 


Materials and Methods 


Sinoke was generated using a modified smoking head from a Battelle rotary smoking 
machine [2] in a specially constructed room with a volume of about 48,000 litres. The 
internal walls, ceiling and floor were coated with » sealant paint and there was a single 
door with no windows, other than a sealed observation port; all other acctss> including 
that for electricity supply and air sample collection; was through sealed ducting. During 
the current studies there was no active ventilation in the room and furniture was kept to a 
minimum. Temperature and humidity were monitored continuously. 


H. Kamga (Ed.) Indoor Air Quality 
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At the tun of each experiment 16 cigarettes, with a standard mainstream delivery of 
17 mg tar (PMWNF), were smoked on the rotary smoker to the reference conditions of 
one 35 ml puff of 2 s duration every minute. The mainstream smoke was ducted away and 
the sidestream smoke, after formation of the plume, mixed into the room by a series of 
fans. In order to maintain a constant carbon monoxide level in the room throughout a 50- 
min-study period, as a standard condition^ single cigarettes were smoked subsequent to 
the initial 16 cigarettes being extinguished. The time at which the initial cigarettes were 
extinguished was also taken as time zero for the commencement of chemical measure* 
ment. 

Ambient chemistry in the room was measured using the following techniques which 
have also been employed! for comparative purposes, in a benchtop collection device [3] 
for the measurement of freshly generated sidestream smoke: 

Carbon monoxide was measured continuously using a non-dispersive infra-red 
analyser (Analytical Development Co., Model RFA/1). 

Nicotine, which is distributed between the particulate and vapour phases, was 
measured as total nicotine by collection into a Tenax trap over 5-min-sampling periods; 
with subsequent thermal desorption and gas chromatographic analysis (Perkin Elmer, 
ATD50). 
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Particulates were measured using the MINIRAM (Miniature Real-time Aerosol 
Monitor, GCA Corporation, Model PDM-3), a light scattering device which samples 
over lO-s-time periods. This instrument gives a quantitatively high result because of its 
sensitivity to particle size distribution and its dependence upon a relevant calibration [4]i 

Ammonia was measured continuously using a selective ion electrode. 

A "whole smoke^ gas chromatographic profile was obtained by actively drawing the 
ambient atmosphere through standard Perkin Elmer ATD50 tubes packed with Tenax 
TA, 60-80 mesh for a 15-min-period at a flow rate of 300 ml/min. The Tenax was then 
thermally desorbed in two stages onto a 50 m mixed Ucon phase capillary column. Values 
for 33 distinct peaks were calculated as the peak area relative to that of the Internal 
Standard (Dimethyl Furan), these included Acetone, Acrolein, Acetonitrile, Pyridine 
and 3-vinyl pyridine. 

A "phenolic profile* was obtained by drawing the atmosphere through a small 
Cambridge filter pad for 10 min at a flow rate of 201/min. The pad was then siiyiated using 
BSTFA and Digol was added as an Internal Standard. This was then heated for Ih at 80°C 
and run on a 25 m SE54 capillhry column. Values for 26 peaks, including Catechol; 
Glycerol, and Hydroquinone were calculated with reference to the Internal Standard. 


Results 

Figures la and lb show the results for nicotine, carbon monoxide and Miniram 
particulates. The carbon monoxide levels remain constant at the relatively high level of 
22ppm throughout the 50-min-study period; this being consequent upon the defined 


Fig. 2* Changes in ambient 
concentratioD of nicotine and 
ammonia 
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Fig. 3. Changes is ambient 
concentration of Catechol; 
Glycerol, and Hydro- 
quinone 


smoking regimen. The particulate levels can be seen to fall by about 15% and this is most 
likely accounted for by the loss of volatile materials to the ambient atmosphere. In 
contrast to this relatively small decline in particulate levels however is the rapid fall in 
airborne nicotine levels which d^cay to less than 20% of their initial value. 

Figure 2 shows that the levels of ammonia exhibit a similar rapid decay to that seen for 
nicotine. 

Examples from the analysis of the "phenolic profile" are given in Fig. 3 which 
illustrates the decay of Catechol together with Glycerol and Hy droquinone. These results 
draw attention to the fact that whilst the majority of components appear to show an 
exponential decay pattern this is not invariable and as an example Hydroquinone 
appears to decay over this time period in a linear fashion. 

Because of the Idnger periods over which the "whole smoke" profile samples are 
obtained it is not possible to display the changes graphically. Comparing the time periods 
(M5min with 30-45 min gives some idea of the variability in rates of decay. These art 
illustrated in Table 1 where the percentage change of individual peak areas between the 
two periods can be seen to range from 0% to 40%. 

Of the 50 plus components of sidestream smoke examined in these studies in no case 
was any component found to increase over the 50-min-time period. 
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Table 1. Levels of major components in the “whole smoke" profile of an ambient air sample and 
their % change ovct a 45-min-tnne period 


Peak No. 

Identification 

15-30-min- 

value 

45^0-min* 

value 

% change 

1 


1.51 

1164 

- 5 

2 


062 

0.61 

-13 

3 


4.40 

3.94 

-22 

4 


0.65 

0.74 

0 

5 


0.52 

0.46 

-22 

6 


0.36 

0.30 

-27 

7 

Acetone 

0.77 

0.87 

0 

8 

Acrolein 

0.34 

0.38 

- 3 

9 


1126 

112 

-16 

10 

Pyridine 

1.05 

1.10 

- 8 

11 

Acetonitrile 

0.67 

0j68 

-11 

12 


0.66 

0.58 

-25 

13 

Benzene 

166 

2.36 

-22 

14 


0.52 

0.53 

-10 

15 

Jnt. Standard 

1.00 (33.5) 

1.00(29.4) 


16 

Toluene 

4.51 

510 

0 

17 


0.79 



16 


131 

1:93 

-27 

19 


129 

1173 

-34 

20 

3 1 Vinyl pyridine 

0.70 

0.76 

- 3 

21 

Phenol 

1.99 

218 

0 

22 


125 

1.75 

-32 

23 


0.89 

0.75 

-26 

24 


110 

1.00 

—27 

25 


1:31 

113 

—17 

26 


3.53 

3.00 

-25 

27 


1192 

1.90 

-13 

26 


1145 

1.40 

-15 

29 


1 83 

116 

-25 

30 


101 

1.68 

-27 

31 


1.64 

115 

-33 

32 


1.02 

0.74 

-36 

33 


0.65 

044 

-40 


Values presented were calculated by the (peak area of component)/(peak area of Internal 
Standard). Values in brackets were the actual peak areas. The % change between the results allows 
for the differences in value for the Internal Standard 


Discussion 

The results presented in this paper clearly demonstrate the variability in the dbcay pattern 
for individual components of environmental tobacco smoke. Although the measure- 
menu were made in an experimental situation at a relatively high ambient smoke level 
this variability would certainly be encountered in the real-life situation. 

It is thus dear that to make extrapolations from the measurement of a single marker 
to the behavior of other smoke components involves an assumption which is likely to be 
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Flf .4a, b. "Whole smoke* chromatographic profiles of (a) freshly generated sidestream smoke in a 
bench top apparatus and (b) environmental tobacco smoke following the dispersion of sidestream 
smoke from 16 cigarettes 


invalid. One further point can be noted from a comparison between fresh sidestream 
smoke measured in a bench top apparatus and sidestream generated in the experimental 
room. This is illustrated in Fig. 4 which presents the whole smoke profiles obtained in a 
Keith apparatus with that taken in the experimental room immediately following the 
smoking of the 16 cigarettes: The four components labelled A, B; C and D, which have 
been provisionally identified as Furan, Acetone, Acrolein and Acetonitrile, are among 
those which can be seen to have greatly reduced levels in the room relative to those in the 
benchtop collection device. Although these components appear in fresh smoke their 
apparent decay is so rapid that they may not be seen to any significant extent in room air. 


GoDctostons 

1) Environmental tobacco smoke is a dynamic aerosol which exhibits both temporal and 
spatial variation. 

2) Each of the components of smoke measured has its own decay rate and pattern. 
Relative to carbon monoxide and particulates, nicotine and ammonia have rapid 
decay rates. 

Other components, which probably include Acrolein, decay at an even faster rate and 
high airborne fcvels are probably never achieved. 

3) Extrapolations from benchtop sidestream measurement to room air based on simple 
dilution calculations is unlikely to provide valid information. 

4) Extrapolations from a measured "marker” in ambient air studies to other potential 
smoke components should be performed with cautiom 
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The Measurement of ETS Through Adsorption/Desorption 
Procedures 

C. Proctor and H.Dymond 


Introduction 


Environmental tobacco smoke (ETS) has received increasing attention in recent years, 
yet there is still no clear way of precisely measuring ETS. This is due to several 
compounding factors. ETS is an extremely complex mixture of compounds [1], it is 
much diluted and integrated with the ambient air and hence any compounds present 
from other sources, and it is not a stable entity [2]. Because of the dilution factor and 
the complexity involved one must use a highly sensitive and selective analytical 
technique that can determine the presence of chemicals specific to tobacco smoke. The 
alternative is to measure an environment with and without tobacco smoke present, but 
this is rarely possible in realistic situations [3]. Furthermore the technique must take 
account of the fact that ETS is continuously changing; it is analytically a moving target 
This paper presents a method that allows the acquisition of chromatographic profiles of 
ambient air. 

ETS originates from the combination of the sidestream smoke of a burning cigarette, 
the exhaled mainstream smoke and any smoke spilled from the mouth dining draw 
(mouthspill). Its concentration and composition will depend on many factors, including 
the type of tobacco product smoked; the number smoked, the air movement conditions in 
the environment, and the type of adsorbent surfaces such as walls and furnishings 
present. It will consist of chemicals in both the gaseous, the vapour and the particulate 
phases. Moreover, it is a dynamic aerosol and some compounds traditionally associated 
with the particulate phase of smoke are found in the vapour phase of aged ETS as the 
particles tend to lose volatiles with time [4). Associated with this phenomena is the fact 
that different compounds in ETS will have different decay rates. 

Some constituents of ETS may be measured directly by portable and sensitive 
equipment [5], but this generally is only applicable to gases such as carbon monoxide 
which are non-specific to tobacco smoke and will be produced by other forms of 
combustion [6J. More specific chemicals, such as nicotine, when in the lowconcentra¬ 
tions found in ETS require concentration steps in the analytical method. An appropriate 
method for achieving this, and at the same time producing chromatographic profiles of 
the ambient atmosphere is described here. 


Collection of the Sample 

Adsorption traps have become increasingly more accepted in methods aimed at 
measuring concentrations of chemicals in ambient atmospheres [7]. The general principle 
is very simple. A known volume of air is drawn through a chemical support with 
adsorbent properties. If the correct adsorbent is used and concentrations are not so high as 
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to cause breakthrough, then sampling can take place over several hours. The longer the 
sampling period, the better the sensitivity of the analysis. However, this should be 
balanced by the fact that the measurement is an average over a period of time and does 
not account for short-term temporal variations, though this may also be desirable. 

In assessing the capability of an adsorbent system it is necessary to investigate one 
compound at a time. The obvious choice for ETS is nicotine. This is because it is specific to 
tobacco smoke, it is in high concentration relative to other volatile components and 
because it has been traditionally a measure of mainstream smoke. Numerous analytical 
methodsfor the determination of ambient nicotine have already been published [8]. All use 
an initial trap for concentration of the sample. The National Institute for Occupational 
Safety and Health Administration (NIOSH) recommend that the nicotine is trapped ion 
Amberlite XAD-2 resin [9]. The sample can then be eluted with a quantity of ethyl acetate 
and quantified by gas chromatography. Liquid desorption, however, introduces a 
considerable dilution factor to the analysis and thus does not allow the attainment of very 
low limits of detection. The sensitivity of the method is much improved if thermal 
desorption of the adsorbent is used as then the total sample is analysed in one go. 

Adiorbents applicable to thermal desorption must fulfill several criteria: 

• the adsorbent must be efficient in trapping the chemical under consideration, whether 
that compound is in the particulate or the vapour phase; 

- the efficiency should be such that there is no breakthrough of compound during long 
sampling periods; 

- the adsorbent must however be able to release all of the compound I after thermal 
desorption for a short period of time and at a temperature below that likely to degrade 
the sample; 

- the adsorbent itself must be chemically inert and thermally stable (to avoid leaching of 
compounds associated with the support complicating the analysis); 

- the adsorbent must be able to trap the sample for some length of time without 
degradation to allow for the transfer time between the sample being collected and the 
eventual analysis time. 
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We found that the adsorbent TenaxTA, which is a polymer of 2,6-diphenyl-p-phenylene 
oxide [10], satisfied all of these criteria when considering the collection of nicotine. 
Several experiments were run before coming to this conclusion. In all experiments a 
weight of 0.4 g Tenax TA (35-60 Mesh) was packed into a stainless steel tube as described 
in Fig. L 

The first experiment was to assess the collection efficiency of the trap to ambient 
smoke particulates. This was done using a Malvern LASX Laser Aerosol Spectrometer. 
This instrument is limited to a lower size range limit of 0.09 to 0.11 pm. Samples of 40 cc 
of both fresh sidestream smoke and aged ETS were collected and introduced into an inert 
bag containing 2,000 cc of nitrogen. The samples were then analysed by the spectrometer 
with and without a trap between sample and analyser. The experiment showed the trap to 
have a collection efficiency for all particulates of 96% for “fresh* smoke and 93% for 
aged smoke. This efficiency was consistent over the range of particles observed from 0.09 
to 2 pm. A similar experiment, but using the adsorbent Supelcoport 100/120 mesh 
containing 5 % OV17 in the trap, gave trapping efficiencies for all particulates of 99.6% 
for "fresh" smoke and 99% for aged smoke. Even though the Tenax efficiency is not as 
good, further factors make it useful 

The second series of experiments set out to determine the collection efficiency of 
vapour phase constituents. Nicotine is thought to be almost entirely in the vapour phase in 
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STAINLESS STEEL TUBE 



aged smoke [2] and so it was used for this check. By sampling ETS produced in a 
controlled room through two tubes in series h was determined that the first tube was 99% 
efficient. 

The good thermal stability of Tenax is well documented; and so the third experiment 
investigated the retention of nicotine on the tube during thermal desorption. By injecting 
liquid standards of nicotine in propanol both onto the Trisax and directly into the 
analysis system, and by analysis of ETS samples, it was determined that a desorption of 
15min at 150°C released 99% of the nicotine for subsequent analysis. 

Storage of trapped samples was also considered, and it was found by taking samples 
of ETS in parallel that there was no deterioration in nicotine content over two week 
refrigerated storage [11]. 

There has been much data published on the effectiveness of Tenax as an adsorbent for 
a wide range of volatile materials [12]. Within the regime of using 0.4 g of Tenax and 
typically sampling 1,000 cc of air at a rate of 10 cc per minute, the tubes will be efficient 
for the majority of volatile compounds present in ambient air. 


Analysis of the Sample 

Such complex mixtures as found in ambient air require a powerful separation stage in 
order to resolve the individual components. In order to attain good resolution the sample 
must be presented to the chromatographic column as a discrete sample. Therefore,direct 
thermal desorption (which requires 10 to 15 min for complete release) will result in a 
poorly resolved chromatogram. This can be overcome by the introduction of a 
cryofocusing step in the procedure. The sample of trapped and concentrated ambient air 
is swept off the trap by being heated at 150*C for 15min whilst a flow of helium gas 
flushes the desorbed components through the system and into a cold trap containing a 
small amount of Tenax (approximately 0.05 g) maintained at —30*C. This secondary, 
cryofocusing trap is then rapidly heated electronically in order to “inject" the collected 
compounds onto the chromatographic column. 

Our instrumental set-up is illustrated in Fig. 2. A Pferkin-Elmer ATD-50 is used for the 
two stage desorption. The carrier flow can be split both before and after secondary 
trapping. The head of the chromatographic column is positioned directly after the cold 
trap. A heated transfer line containing the column then links the trap to a Perkin-Elmer 
Sigma 3 gas chromatograph. The exit of the column is fed directly into the ion source of 
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Fig, 2. Schematic diagram of the analytical instrumentation used to analyse the adsorbed samples 
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a Hewlett-Packard mass selective detector. This combination of analytical techniques 
allows introduction of the concentrated sample, followed by high resolution separation 
of the individual components, followed by identification and quantification of each 
compound by the mass spectrometer. 
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Breakthrough of compounds through the cold trap can be monitored by running the 
mass spectrometer during primary desorption. When using the apparatus to measure 
ETS samples, this is rarely a problem. Tenax is hydrophobic and so any moisture 
collected during sampling will not cause analytical problems such as freezing of the cold 
trap. 

The mass spectrometer is a very selective and sensitive device. From the fragmen¬ 
tation patterns produced by electron impact most compounds can be uniquely identified. 
The sensitivity of the device allows the measurement of sample in sub nanogram 
concentrations. 


Examples of Chromatographic Profiles of Ambient Atmospheres 

The following are examples of the type of chromatographic profiles that may be obtained 
with the analytical system described. In each case sample air volumes of between 1 and 2 
litres were taken at approximately head height from astatic position and no attempt was 
made to avoid dose contact with smokers. Sample flow rate was 0.61/h for each sample. 
Analysis of samples was achieved in every case with a primary desorption of 15 min at 
150°C onto a cold trap maintained at -30°C Secondary desorption heated the cold trap 
from —30 to 200°C, thus introducing the sample to a 30 m^ 0.25 pm Supelco SPB-5 
capillary column. The mass spectrometer was run in total lion mode with a multiplier set 
at 2000 V. 
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Fig. 4. Chroiutogrtphic profile of the environment is the living room of a private bone 
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Fig* 5. Chromatographic profile Acquired in the kitchen of 1 private bouse during cooking in an 
electric oven 


The first example was taken in the bar of a public house during a lunchtime period. 
There were more than six active smokers present, three of which sat dose to the 
monitoring point. Figure 3 shows the chromatographic profile for this sample. The 
nicotine peak corresponds to an ambient concentration of 38 pg/m 3 of nicotine. There 
are dearly a large number of compounds present in this atmosphere. For example, the 
large peak at 15.5 min retention time corresponds to dichlorobenzene. This presumably 
arises from the use of a cleaning agent in the pub. 

Figure 4 shows the chromatographic profile corresponding to the ambient air in the 
living room of a private house. Two people smoked a total of six dgarettes during a 2-h- 
sampling period. The ambient nicotine concentration averaged over this period was 8 pg/ 
m 3 * Many of the other compounds observed were found to be aliphatic hydrocar bras. 
Figure 5 was acquired in the kitchen of the same house during the cooking of a meal using 
an dectric oven. There the nicotine level was found to be 3pg/ra 3 . The majority of the 
chemicals identified were common to both environments. 

The ambient atmosphere in a car dining a 2-h-motorway (high speed) journey is 
illustrated in Fig. 6. Five dgarettes were smoked by the driver during the trip, the sample 
was taken in the position of a front seat passenger, and the air ventilation devices and 
windows remained dosed for the majority of the journey. The average ambient nicotine 
content was found to be 8 pg/m\ Again the profile is complex and contains many 
compounds. 
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Fig. 6. Chromatographic profile of the ambient air in a car during a 2-b-jouraey 


Finally* Fig. 7 presents the profile of the atmosphere in an Indian restaurant during a 
meal taken by two smokers over the period of two hours. Three other people were noticed 
to be smoking during the same periodi Nicotine level was found to be 12pg/m s . More 
than 200 other chemicals were observed in the analysis* many of them being volatile 
"flavour" type compounds. 


Conclusions 

This work has demonstrated that adsorption/thennal desorption procedures can be-used 
to measure volatile compound* present in ambient atmosphere. However, the chromato¬ 
graphic profiles given as examples make it dear that ambient air consist* of a complex 
mixture of compounds. Moreover, the analysis of several realistic environments, all of 
which contained ETS, shows large differences in the individual chemicals present in 
different atmospheres. As ETS is common to the experiments, these differences 
presumably arise from the contribution of various sources other than tobacco smoke. 

Therefore, any measurement of ETS, whether it takes nicotine or some other 
compound specific to tobacco smoke as a marker, must use analytical methodology 
capable of high resolution of the mixture. It should also use a detection technique capable 
of specific identification of the compound because, as has been shown in this paper for 
the case of nicotine, the peak of interest is likely to be small relative to signals arising from 
other volatile compounds. 
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Fig. 7. Chromatographic profile of the atmosphere of as Indian restaurant 
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Summary 

The contribution of environmental tobacco smoke (ETS) to indoor air quality was 
investigated by quantifying the concentration of some of its constituents in the course of a 
series of strictly controlled experiments. 

One brand of commercial cigarettes was smoked by trained smokers following a 
prescribed protocol both in a test-chamber and in an office of a modern, air-conditioned 
building. The ETS components investigated were CO, NO, NO* and nicotone. The 
concentration of respirable suspended particles (RSP) was also monitored using three 
different methods. 

The concentrations of these ETS constituents and their ratios are reported, together 
with background and outdoor levels. In addition, the influence of room ventilation, 
smoke generation rate, wall deposition effects, etc., is discussed. 


Introduction 

The indoor air concentration of ETS components has been surveyed by many authors in 
real-life measurements, but with littte or no information on smoke generation. In other 
reports, mostly for exposure studies, both smoke generation and air concentration of 
several ETS components were carefully monitored, but with often unrealistic smoke 
levels [1,2]. 

This paper is the first part of a study aimed at investigating ETS chemistry in real-life 
situations, but with a strictly defined smoke generation and investigating a wide array of 
components. It comes as a continuation of previous investigations on sidestream smoke 
(S5) generated in a test-chamber [3]. In this study the effects of smoke generation 1 

patterns, room ventilation and air mixing should be assessed, with an emphasis on the 
time variation of the measured concentrations and their ratios. This paper reports on 
early results establishing the experimental concept, checking methods and evaluating the t 

impact of various indoor environmental factors. i 


- Experimental Procedures 
Sm oking Sessions 

The office used for this study has a surface of 12 m 2 and a volume of 33 m 3 , with a 
door and a large windbw. Its walls are plastered, the floor is carpeted and it is 
furnished with a desk, three chairs and a cupboard. It is situated in a modern building 
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with central air conditioning. The ventilation was checked to ensure 3.5 air changes 
per hour. 

Smokers normally consuming about 1 pack per day were trained to take 2-s puffs per 
minute in a reproducible way, as checked by consistent puff-counts per cigarette. They 
were asked to smoke commercial cigarettes according to a pre-detennined, realistic 
protocol. Ail smokings took place in the same room, but ventilation was turned on or off 
with possible additional air mixing. 


Analytical Methods 

For each session, the concentrations of CO, NO, NO* and respirable suspended particles 
(PS?) were measured continuously. Nicotine concentration was measured periodically. 

Samplings were done using feed-back flow control pumps (SKC Aircheck Sampler 
224-36) drawing air from near the center of the room at an height of about U rn. 

Carbon monoxide was measured continuously by nonrdispersive IR (Dasibi 3008) 
and nitrogen oxides by chemiluminescence (Tecan CUD 502 )j 

Nicotine was sampled by pumping air through XAD4 tubes (SKC 226-30*11-04) 
which were extracted with 1 ml of ethyl acetate (0.01% triethylamine) and analysed by 
capillary gas chromatography according to [4J- Quinoline was used as an internal 
standard. 

RSP concentration was simultaneously measured by three different methods: 

• Filter gravimetry, by pumping air at 2 1/min through a filter pad (Fluoropore, 
Millipore FALP03700), possibly after passing through an impactor (TSI35}* cut-off) 
retaining particles that would not be inhaled [5], according to [4]. The weight change 
was measured with a microbalance (Mettler M3). 

- Portable piezobaiance (TSI model 5500), 

- RAM nephelometric detector (GCA RAS-1). 


Instrument Calibration for RSP Determination 

The gravimetric determination is a direct method which is well established [4; 6]. It is 
precise down to about 30 pg/m 3 for 1-h samplings and the coefficient of variation of 
replicate analyses is about 4%. It only provides time-averaged answers, whereas the 
RAM gives almost real-time readings and the piezobaiance provides a result every 3- 
5 min. 

The TSI 5500 is factory calibrated and gives direct readings of RSP levels (mg/m 3 ). It 
has been used in many ETS studies [7] and its performance has been questioned by 
several authors [2J. The manufacturer reports it to underestimate tobacco smoke by 15% 
[9] and in a recent study significant differences between the responses of two identical 
instruments were reported (BJ. The response of the TSI 5500 we used to SS (between 0.09 
and 1.2 mg/m 3 ) was compared to gravimetric determinations in a series of experiments 
performed in our test-chamber. The difference between both determinations was 
consistently smaller than the variability of the methods, provided that the sampling flow 
rate of the piezobaiance was kept at exactly 11/min and that its sensor was washed after 
each determination. 

In contrast to the piezobaiance, the RAM has to be calibrated before use with the 
aerosol studied [10]. This is due to its sensitivity to the particle size distribution of the 
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Fig.l. Calibration of RAM vi. gravimetric determinations 

sample. To this aim, the time-averaged RAM output was compared to gravimetric results 
in a series of experiments where smoke was generated in the test-chamber by SS only 
(machine smoking, mainstream smoke (MS) exhausted out of the room), or by SS plus 
exhaled MS (human smoking). Determinations were made for total airborne particulate 
matter or for RSP only (by sampling through 3.5 p impactors). 

The results are given in Fig. 1. They reveal two possible sources of systematic error: 

- If the RAM is calibrated using SS only for ETS measurements, RSP results will be 
significantly over-estimated. 

• It is obvious that omitting the impactor will result in over-estimating the air burden if 
one should perform a direct gravimetric determination. But since the RAM response 
is practically not affected by the adjunction of an impactor, it is essential I that the 
calibration be made by comparison with RSP only (i.e» using 3.5 p impactor* at the 
filter and RAM inlets). 


Results and Discussion 


For each smoking session of this first set of office ETS studies, the smoke generation 
protocols and the environmental conditions are given in Table 1. 

In experiment 3, five cigarettes were smoked simultaneously, and the room 
ventilation was left on. Time zero was set at the moment when the cigarettes were 
extinguished. Figure 2 shows the plot, as a function of time, of the CO concentration 
together with that of RSP as measured with the RAM and with the piezobalance and the 
time-averaged concentration of nicotine. These values are all background corrected. 

Figure 2 shows that the CO concentration decreases exponentially. The calculated 
decay rate is almost equal to the measured air changes per hour in the room. Thus CO is a 
good tracer that can be used to offset the effects of room ventilation. 

The RSP concentration as measured by the RAM also decreases exponentially, a little 
faster than the CO. Thus the RSP to CO ratio does not remain constant with time. 
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Table 11 Smoke generation protocol and environmental conditions 


Experiment 

code 

Number of 
cigarettes smoked 

Generation rate 

Room 

ventilation 

1 

1 

at time 0 

on 

2 

2 

at time 0 

on 

3 

5 

at time 0 

on 

4 

9 

every 15 min 

on 

3 

2 

at time 0 

off 

6 

4 

every 15 min 

off 

7 

4 

every 15 min 

off, fans on 
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Fig. 2. RSP, CO* and nicotine decay after smoking 5 cigarettes 


Actually* the decay rate of the KSP/CO ratio reflects the kinetics of wall impaction and 
sedimentation of the particles. 

If we now consider the piezobalance determinations* they are slightly higher than the 
RAM measurements for unaged ETS. After about 40 min both curves coincide. An 
explanation for this discrepancy may be sought in changes in the smoke particle size 
during the early aging phase [111]. 

The plot of the nicotine concentration shows that h decays much faster than RSP 
immediatly after smoking. After 1 h* the Ifcvel drops much more slowly* actually even 
more slowly than the CO. This is probably due to the fact that nicotine is mostly present 
in the gas phase [12], and taall effects become very important Of course the nicotine/RSP 
ratio is far from remaining constant 

Figure 3 shows the time variation of NO and NO} concentrations. The decay of the NO 
concentration appears to be exponential. Considering the NO/CO ratio* which offsets 
the effect of room ventilation, evidences the contribution of what seems to be a pseudb- 
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Fig* 4. RSP, GO; NO, NO* and nicotine concentration; 9 cigarettes smoked at 15-mih-intervals 


first order chemical decay. It should he noted that the NO decay was recently reported to 
be pseudo-first order in MS gas phase, but pseudo-second order in the whole MS [113]. 
The time increase of theNOj/CO ratio, on the other hand, reveals a chemical generation 
of NO* in the early phase of ETS aging. Of course, the NO 2 level decreases in absolute 
value after a few minutes. 

A steady-state situation can be created with a constant smoke generation rate. This is 
what is obtained in experiment 4, where a cigarette is smoked every 15 min with the room 
ventilation left on. The corresponding profiles art shown on Fig. 4. 
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Table 2. Time averaged RSP and nicotine concentrations 


Experiment code 

RSP 


Nicotine 


Sampling 
tune (min) 

Concentration 

(mg/m 3 ) 

Sampling 
time (min) 

Concentration 

(w/m*) 

l 

90 

0.089 

40 

8.6 

2 

96 

0.189 

40 

18.6 

3 

79 

0.391 

40 

25.6 

4 

150 

0478 

40 

214 

5 

121 

0350 

40 

25.3 

6 

128 

0308 

40 

28.7 

7 

130 

0.486 

40 

16.8 

Indoor background 


0.033 


0.7 


Each time a cigarette is smoked, there is a rise and subsequent decay of the CO, NO 
and RSP concentrations, and after about I h a steady-state concentration is achieved. 
Even the nicotine level becomes fairly constant after a brief initial peak. This kind of 
experiment could be very useful in determining how environmental conditions may affect 
the ratio between the concentrations of two ETS components. 

The effect of changes in the environmental conditions can also be quantitatively 
evaluated when the time-averaged nicotine and gravimetric RSP concentrations obtained 
for all the situations investigated are compared. These results are gathered in Table 2 and 
perusal of this table allows the following comments to be made: 

Comparing the RSP and nicotine averaged concentrations in experiments 1,2 and 3, it 
appears that these values are not proportional Ito the number of cigarettes smoked, even 
in this strictly controlled set of experiments. This is even more truefor the nicotine values 
and thus the nicotine to RSP ratio is fairly different in these three experiments. The 
drastic effect of room ventilation is obvious when comparing the results of experiments 2 
and 5 or, in the case of continuous smoke generation* 4 and 6. Again, the impact of room 
ventilation is quite different whether one considers RSP or nicotine. Eventually, the effect 
of an increased air turbulence in the room is apparent when comparing the results of 
experiments 6 and 7. It appears that the average concentration of nicotine is much more 
reduced by air turbulence than that of RSP, pointing at the large influence of wall effects 
on nicotine concentration. 


Background Indoor and Outdoor Levels 

In average, the indoor background levels were about 0.6ppm for CO* lOppb for NO, 
50ppb for NO* JOng/m* for RSP and 0j7pg/m 3 for nicotine 

In addition to indoor analyses, and in order to put these results in perspective, the 
outdoor concentration of CO* NO and NO* was measured, at the same time as the 
smoking sessions were held, by extending probes lm outside the window. The levels 
monitored over a 24-h period are plotted on Fig. 5. For nitrogen oxides, these values are 
at times higher than any level obtained in the course of our experiments. This is due in 
part to the proximity of a highway. 
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Conclusion 


This study constitutes a lint part of a program we have initiated on the analytical 
investigation of ETS in indoor air. Much more work is needed to obtain a good 
understanding of the main processes governing ETS aging. This initial study outlined 1 
some possible flaws in ESP measurement It showed that a careful examination of the 
time variation of the measured concentrations and their ratios may yield 1 valuable 
insights into ETS aging processes. As these ratios are not constant it appears that no 
component can readily serve as a marker for other ETS components. In particular, 
nicotine was found to be quite outstanding in its behaviour, making it a poor marker of 
ETS exposure. Eventually the large impact of indoor environment factors such as air 
mixing, room ventilation, wall surfaces etc. on ETS was outlined. 
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determinant of the differing magnitudes of risks associated with 
these two exposures. 

Differences in the composition of MS and SS primarily reflect 
their generation at different temperatures in different oxygen 
environments. Also, SS is diluted very rapidly, under most circum¬ 
stances, and has the opportunity to age before inhalation. The 
involuntary smoker usually inhales E7TS, not SS, the aerosol that 
comes from the tip of a burning cigarette. In considering the 
characteristics of SS, it must be emphasized that much of the 
existing data about the composition of MS and S3 is derived from 
studies carried out in special chambers rather than by sampling MS 
and SS generated by smokers. In these chamber studies, SS has been 
sampled by a probe located close to the burning tip. This experimen¬ 
tal situation dearly differs from that of a room with one or more 
smokers freely smoking. In that situation, SS is mixed with exhaled 
MS, diluted and aged. Nevertheless, these chamber studies provide 
very useful information about the compounds present in the SS. 
These studies have established that SS in comparison with MS has a 
higher pH, smaller particle size, and more carbon monoxide, 
benzene, toluene, acrolein, acetone, pyridine, ammonia, methyl- 
amine, nicotine, aniline, cadmium, radon daughters, benzo[a]pyreae 
and benzfa]anthracene. 

Comparison of the relative concentrations of the various compo¬ 
nents of SS and MS smoke provides limited insights concerning the 
toxicological potential of ETS in comparison with active smoking. As 
described above, SS ch aracte ristics, as measured in a chamber, do 
not represent those of ETS, as inhaled hj the nonsmoker under 
nonexperimental conditions. Further, the dose-response relation¬ 
ships between specific tobecoo smoke components and specific 
diseases are not sufficiently established for the necessary extrapola¬ 
tions from active smoking to environmental tobacco smoke exposure 
for individual agents. For that reason the extrapolations in this 
section are confined to the dose-response relationships of whole 
smoke for those dis ea s e s with established doss response relation¬ 
ships. 

With regard to the potential of ETS to cause lung cancer, 
undiluted SS has 20 to 100 times greater concentrations of highly 
carcinogenic volatile N-nitrosaraines than MS (Brunnemann et al. 
1978) as well as higher concentrations of benzopyrenes and 
beiufajanthracenejs. 

For nonmaligiulnt effects on airways and the lung parenchyma, 
the agents respoiirible for the development of acute and chronic 
pe8 pi r *t°*T disease have not been identified, although many tobacco 
smoke components have been shown to cause lung injury (US DHHS 
1984). Presumably, both vapor phase (gsfeous) and particulate phase 
(solid) components of MS are involved. Both airways disease and 


parenchymal disease are probably a response to the total burden of 
respiratory insults, some of which, like active smoking, may be 
sufficient by themselves to cause physi ologic impairment and 
ultimately, clinical disease. Others, such as ETS, may contribute to 
the total burden but be insufficient, individually, to cause clinical 
disease. 

Deposition of Mainstream Smoke and Sidestream Smoke and 
Environmental Tobacco Smoke Dose Estimates 

The doee of tobacco smoke delivered to the airways and alveoli 
depends, among other factors, on the volume of MS, SS, or ETS 
inhaled, on the rate and depth of inhalation, and on the size, shape, 
and density of the individual particles or droplets. Patterns of 
deposition of MS in the lungs have bee n de scribed, but similar 
information about deposition patterns for ETS is not yet available. 
Without such data, it is necessary to extrapolate from the informa¬ 
tion on MS. 

The major factors that affect the pattern of deposition and 
retention for particles are particle size distribution and breathing 
pattern. The particle size range and mean aerodynamic diameter for 
particulates in sidestream smoke are similar to those of mainstream 
smoke (particle size range of 0.01 to 0.8 |im for sidestream smoke and 
0.1 to 1.0 pm for mainstream smoke, and mean aerodynamic 
diameter 0.32 pm for sidestream smoke and 0.4 pm for mainstream 
, smoke) (see Chapters 3 and 4). The deposition site is determined 
largely by the size of the particles, with large particles being 
deposited preferentially in the nasopharynx and large conducting 
airways. Smaller particles are deposited more peripherally, and very 
small particles tend to be exhaled and to have a very low deposition 
fraction. The particulates of ETS, because of their size range, arp 
likely to be deposited peripherally. 

The breathing patterns for the inhalation of MS and ETS are also 
different; MS is inhaled intermittently by the smoker with an 
intense inhalation, often followed by a breathhold that results in a 
more equal distribution. Environmental tobacco smoke, on the other 
hand, is inhaled continuously with tidal breaths when the passive 
smoker is at rest and with deeper inhalations when the passive 
smoker is physically active. Breathholding does not normally occur 
with tidal breathing. 

Estimates of the equivalent exposure, in terms of cigarettes per 
day, resulting from ETS, as compared with MS, vary quite widely 
and depend on the way in which the estimates were made. Repace 
and Lowrey (1986) estimated that nonsmokers in the United Stat«§ 
are exposed to from 0 to 14 mg of tobacco tar (average 1.4 mg) per 
day. Vutuc (1984) estimated that the exposure to environmental 
cigarette smoke is equivalent to 0.1 to 1 cigarette per day actively 
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• 

•ml cotinine in (lw plasma or orino of nonsniokers exposed lo KTS 
•re about 1 percent of tl»e mean valuer observed in active smokers. 
Several studies have indicated that urinary cotinine concentrations 
in infants and children increase as the numbers of reported smok¬ 
ers increase in the horns. At preseut, there may be difficulty in 
interpreting lbs relative colinins levels in nonamokers compared 
with smokers because of the reported slower clearance of colinme 
in nonsmokers. Ah sorption, mrtshelism, sad nation ofhTS 
constituent#, inelnding nicotine, need Is ht csrc/afly slsdied in or- 
dcr Is csslsalc whether Ihere are diffcrencee between smokers and 
nonsmokers t'n these /sclera, ftrlher epidemiologic studies using 
liofsfiesl markers arc needed Is fssnli/y espsssre-dsse relation- 
ships in nsnsmskers. 

Thiocyanate, as measured in saliva, scrum, or urine, does not 
appear to be sulticiently sensitive*as an indicator of ETS exposure. 
Similarly, exhaled carbon monoxide and carboxyhemoglobin are 
not sullicieiitly sensitive to moderate or low levels of BTS exposure 
and thus are not particularly useful biological markets for expo- 
eurs to BTS, except in experimental, acute exposure situations. 
Tliete ate several other sources of carbon monoxide in the environ¬ 
ment that equal or exceed the concentrations of carbon monoxide 
feUribuUbl* to BTS* 

Ollitr •uifcsUd biological iiiarkctt of espoauro «• n-i»itro#o* 
prolins, uitruaolhioproline, and poms of the aromatic amines that 
ars present in high concentrations in *>!•• However, data on sensi¬ 
tivity and reliability of laboratory procedures for these markers are 
not aullicient to recommend their ueo at this time in epidemiologic 
studies of BTS. 

Laboratory assays have shown mutagenic activity in ths urine 
or smokers and BTS-exposed nonamokers. Ths mutagenicity of 
urine is a function or many factors—such as dietary constituents, 
occupational exposures, and other envirpnniental factors—which 
render any findings of mutagenicity nonspecific. Heteertk is needed 
Is clsri/y the appropriate methods/or cslimslinf mslsfenicily and 
lo isolate and identify the active ofcals in hedg finide 0 / El'S- 
exposed nsasmofccrs. 

UNA adducts derived from tobacco-related chemicals can 
be measured in ths blood. However, these chemicals, such as 
bcnso|a|pytsno, ars not unique to KTS. Studies are needed that 
can measure adducts o/tolscco-spcci/ic chemicals. 

KTg08CC202 


IN VIVO AND IN VlTllO STUDIES 

Laboratory studies can contribute to a better understanding 
of ths factors and mechanisms involved in the induction of disease 
by environmental agents. There have been numerous bioassays 
conducted on MS. In examining ths effects of MS, many research 
workers have used condensates of the smoke painted on the aliaved 
skin of mice. This contrasts with the human exposure that is 
mainly in ths respiratory tract. Nonetheless, these skin-painting 
studies have been useful in examining ths carcinogenicity of dif- 
forent tobacco constituents and thus advancing knowledge of the 
actions of MS on a gross exposure level. Srmifsr work with skin 
painting has net keen dene with ETS and weufd he e/ value /er 
assessing the differential tosieify e/ ETS and MS. 

In construct to MS exposure, ETS exposure involves pro|>or- 
tionately mors exposure to gas phase Ilian to particulate phase 
constituents, liters have not, however, been studies of the effects 
of exposure to aged BTS. The relative in vivo fexicilv e/ MS. SS 
and ETS needs Is he assessed. 

Some sludies have attempted to evaluate Ilia gas phase of MS, 
SS, and KTS in short-term, in vitro assays. A eolution of the gas 
pliape of MS has bean shown to induce dose-dependent increases 
in sister-chromatid exchanges in cultured human lymphocytes. 
Mutagenic activity has been found in the particulate matter of SS 
and in condensates of BTS. However, ths work done to date is too 
■parse to permit any estimates of ths mutagenicity of BTS per se, 
even though most of ETS consists of SS. further in wire assess 9 ) 
ETS are needed. ’ ' 


HEALTH EFFECTS 

' This report reviews both chronic and acuts health effects as¬ 
sociated with BTS exposure in nonsmokers. Most epidemiologic 
studies of chronic health effects have been conducted on persons 
who have had long-term exposures to BTS from household mein- 
here. The studies do not directly address chronic health effects in 
individuals who ars exposed at work or have occasional exposures 
in ths hems or elsewhere. 

Ilecauae ths physicochemical nature of BTS, MS, and SS dif¬ 
fer, tha extrapolation of health effects from studies of MS or of 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Acute, Noxious Elfecte 

• 

The moat common ecute effects associated with expoeure to 
ETS ere eye, noee, end throat irritation, end objectionable smell 
of tobacco smoke. Tobecco emoke bee e distinct end persistent 
odor, making control through ventilation particularly difficult. 
In closed rooms where smoking is ellowed, e ventilation rate of 
greeter then 50 cubic feet per minute per occupant is necessary to 
ediieve air quality thet is eccepteble to more then 80% of edulte 
enuring the room as contrasted with rates of less then 10 cubic 
feet per minuU per occupent when there is no smoking or other 
pollution. Annoyance with noxious tobecco odor largely governs 
the reactions of visitors, while occupenU of smoky rooms ere more 
likely to complain about irritating elfecU to the eye, noee, or 
throat. Particle filtration appears to lead to little or no decline 
iu odor and irritation, suggesting that the elfecte are produced by 
gas-phase constituents. During expoeure to BTS, eye blink raU is 
correlated with sensory irritation, such as burning eyes and nasal 
irriUtion. For some persons, eye Uering can be so inUnse as to 
be incapacitating. There is some evidence that nonsmokers are 
more eeneitive to the noxious qualities of dgareUe smoke than are 
smokers. Objective physiological er biochemical indices should he 
sea ght to validate reports e/noxious reactions end chronic irritetion 
essoeiefed with BTS. 

Smoke contains immunogens, that is, substances that can ac 
tivate the immune system. ApproximaUly half of atopic (allergy 
prone) individuals react to various extracts of tobacco leaf or 
emoke presented in skin tents. However, the componenU of the 
extract that fra responsible for this reaction have not been iso* 
latcd. There w little correlation between positive reactions toskin 
tesla and self-reported complaints of tobacco, smoke sensitivity. 
Research is needed to cselvote thf medical imparlance in etopie 
persons of these posilivc reaelions to shin leeie using BTS extracts 
end to relate immune response on shin tests to subjective complaints 
shout the noxious, irritating properties o/ tohecco emoke. 
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Respiratory Symptoms 
and Lung Function 

Respiratory symptoms, such as wheeling, coughing, and spur 
turn production, are increased in children of smoking parents. 
These symptoms are more common in children of smokers than 
children of nonsmokers. The largest studies place the increased 
risk of 20 to 80%, depending on the symptom being assessed and 
number of smokers in the household. Also, respiratory infections 
manifested as pneumonia and bronchitis are significantly increased 
in infants of smoking parents. Some studies have reported that in¬ 
fants of smoking parents are hospitalised for respiratory infections 
more frequently than children of nonsmokers. Among children 
aged under 1 year, etudies are remarkably consistent in showing 
an increased risk of respiratory infections among children living in 
homes where parents smoke. There is a d o es • response relationship 
' that relates more to maternal emoking than paternal smoking. The 
association persists after allowing for possible confounding factors 
ouch as occupational data, respiratory illness in the parents, and 
birthweight. The mechanisms of the increased risk may either be 
a direct effect of BTS or due to a higher risk of cross-infection in 
sufh homes. Regardless of the mechanism, the exposure of slnall 
children to smoking in the home appears to put them at risk of 
respiratory illness. 

Since children exposed to BTS Rom parental emoking have 
an increased frequency of pulmonary symptoms and respiratory 
infections, it is prudent to eliminate BTS exposure from the envi¬ 
ronments of small children. 

There is some evidence that parental smoking may afTect the 
rate of lung growth in children. In children with one or more par¬ 
ents who smoke, lung function increase, which is a normal growth 
phenomenon, shows a small decrease in the rate of growth. An 
important iasue currently unresolved is whether a child who is 
effected by exposure to BTS from parental smoking may be at an 
increased risk for the development of chronic airflow obstruction 
in adult life. In all etudies of children, it is difficult to distin¬ 
guish between the role of BTS exposure in utero and postnstally. 
Research is needed to address the issues of BTS exposure during 
childhood and fetal life and its possible relationship with airwog 
hgperresponsiveness and pulmonary diseases in adult life. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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ABSTRACT 

A nationwide survey of ETS has been undertaken in the UK. Three components of 
ETS, namely particulate matter, nicotine and I carbon monoxide were monitored in 
nearly 3*000 locations over 30 min periods in travel, work, home and leisure 
situations. Levels of the three components were generally low in comparison 
with UK Occupational Exposure Limits. tn a follow-up study three methods of 
particulate measurement were compared in an intensive study of a few locations. 
It is concluded that KiniRAM particulate measurements with no impaction as usad 
in the main survey are an over-estimate of true particulate levels. 


mix 

lonlng 


INTRODUCTION 

There ere many sources of indoor pollutants (both gaseous and particulate) 
including the use of gas stoves and fires, coal, coke, and wood fires, bouse 
plants, cooking, cleaning, painting, and the adoption of a variety of household 
end office products including cleaning agents, glues, correction fluids, 
plastics and varnishes (1, 2). In addition, the simple act of movement 
resuspends particulate matter (3) whilst building materials and furnishings, 
especially when new, may release a variety of organic materials into the indoor 
atmosphere (4). Release of formaldehyde from cavity wall insulation, furniture 
and fabrics are all examples of such indoor air pollutants and I arc of 
considerable public concern. 

Of specific concern to some is Environmental Tobacco Smoke (ETS), which is a 
combination of sidestream smoke that is released from the cigarettes burning end 
and exhaled by smokers (3). The burning cigarette produces several thousand 
chemical compounds of which more than 3,BOO have been identified (&)• Cigarette 
smoke itself is an aerosol, consisting of a gaseous phase and a particulate 
phase with many of the chemical constituents being distributed! between the two 
in a manner dependent upon their volatilities and solubilities (7). In the 
gaseous phase, the major constituents (by weight or volume) are nitrogen, oxygen 
and carbon dioxide, all normally present in the air. However, in the residual 
gases, apart from water vapour and the; noble gases, carbon monoxide is present 
(approx. 41 by vol) together with small concentrations of other gases such as 
itoprene, acetaldehyde, acetone, hydrogen cyanide, toluene, acrolein and ammonia 
(B). In the particulate phase the major components art nicotine and tar, the 
latter being e complex mixture (7). 

Particulate matter can be derived! from sources other than tobacco products* a 
variety of combustion and condensation processes, amongst others, are associated 
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with particulate production. Indeed, the** sources may originate fro* indoor or 
outdoor environments (9). Particulate* nay be classified according to their 
■ode of formation as dual, smoke, fumes, fly ash, mist or spray (10). 
Environmental tobacco smoke particles are thought to have a median particulate 
mass of leas than 1 pm in diameter (11, 12) which may vary as a consequence of 
different smoke age and environmental conditions (13). Particles of this else 
are not efficiently removed by such processes as sedimentation or impaction and 
hence remain in suspension, diffusion bting the major removal mechanism although 
it ia at its least efficient in the sis* range being considered here (8). 

Three main tachniqoss exist for the determination of particulata matter, namely 
gravimetric (filtration), piatoalactric balance (electrically charged particles 
art precipitated onto a vibrating quarts crystal changing its vibrational 
frequency in proportion to tha deposited mass), and! light scattering in the 
presence of particulates. The gravimetric technique is regarded as the 
reference technique but is unsuitable for use in videscal# routine monitoring. 
Piasoalactrie balance equipment is also impractical to use for large scale 
surveys due to its intrusive nature. The MiniRAM, relying on light mattering, 
is idsal for Isrge surveys but is known to over-estimate particulate levels in 
ambient atmospheres containing ETS (14). 

The aim of the study reported here wee to examine the distribution of three 
representative components of ETS, namely particulate matter, carbon monoxide end 
nicotine, in s nationwide survey of smoking and non-smoking indoor atmospheres 
in the UK. A follow-up study compared the three principle techniques of 
dstsrminihg particulate matter in selected environments together with the 
determination of the ETS marktr, nicotine:, to aid the interpretation of the 
nationwide survey. 


MATERIALS AMD METHODS 


Study Design 

For the 30 week field survey, the UK was divided into three major regions with 
roughly equivalent populations. Thirty sampling areas were derived from the 
most recent government statistics (15) by a market research group (MAS Survey 
Research Ltd., UK) with tha number of sites in each region reflecting the 
population sis*. Tha araas sampled were selected to represent geographical, 
urban and social status within each region. 

Monitoring was distributed between four situations, home (191), work (25X), 
leisure (27K) and travel (291). Routine air sampling procedures were performed 
by Basleton Laboratories UK Ltd., (HUK) and wara periodically verified by 
Imperial College staff using field! sample cross checks. Each aita was sampled 
over a 30 min period during each 10 week phase. Tba sample collection 
operatives were graduates employed by HUK and were rotated to e different region 
for each 10 week phase. 

Homes were randbmnly pre-selected by MAS Survey Research Ltd., based on urban 
end social status after re-classifieation by local authority arts, whereas work 
locations wars chosen using a quota system. The quote system was determined! by 
type and aits (number of employees) of business reflecting the typical business 
at any location. Leisure and travel situations were identified end sampling of 
Chase was arranged around work and home samples. A balance of timing with 
respect to days of the week, atart times, and times of the year was arranged to 
enable coverage of the spectrum of everyday environments. Smoking end 
non-smoking situations ware sampled; the reported absence of smoking two hours 
prior to sampling determined e non-smoking location. 
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Subsequently, twelve follow-up sites were investigated, each for approximately 
10 hrs duration in five specific types of environment (TSbla 1). 


TABLE 1 : Details of sanpled environment* in the follow-up study 


h ! 




TIME 


SMOKING 


NO. 

1 

y 

s 

SITE 

NUMBER 

SITE 

8TAKT 

F IRISH 

DURATION 

hrs 

STATUS* 

VEHTILATIOH OCCUPAKTS 

1 1 

€ 

C: 

1 

Office 

08.30 

18.30 

10.0 

N5 

natural 

1-4 

* 

e 

2 

Office 

08.30 

18.30 

10.0 

15 

natural 

1-4 

i 

•* i 

n 

3 

Office 

09.00 

19.00 

10.0 

S 

natural 

2 


4 

Office 

09.00 

19.00 

10.0 

S 

natural 

2 

2 

Bar (1) 

11.15 

20.45 

9.5 

5 

natural 

<75 

!:S 

yf 

6 

Bar (1) 

12.30 

22.00 

10.0 

S 

natural 

<75 

:: 

i 7' 

Bar (2) 

12.15 

22.00 

9.75 

S 

natural/forced 

<100 

i 

• 

i 8 

Bar (2) 

12.00 

22.00 

10.0 

S 

natural/forced 

<100 


9 

Flat 

09.30 

19.30 

10.0 

NS 

natural 

1 


10 

Flat 

08.30 

18.30 

10.0 

NS 

natural 

1 

th | 

' n 

i 

Workshop 

09*30 

21.30 

12.0 

NS 

natural 

1-5 

ae 

•y 

he 

1 »2 

1 - 

Workshop 

08.30 

20.30 

12.0 

NS 

natural 

1-5 


* IS - non-smoking S - smoking 

Equipment Selection end Analytical Procedures 


The equipment was portable, robust and reliable, and capable of discreet 
operation to avoid abnormal behaviour patterns during the field sampling. A CV 
MinilAH PBH-3 particulate monitor equipped with a flow through cell (CCA Corp., © 
USA) with no impactor, was interfaced to a Squirrel data logger (Great Inst. 

Ltd., UK), storing the particulate data every 2 mins for the duration of sach p ^ 
30 min sampling period. Air flow was maintained by an Alphs pump (DuPont Ltd., TT 
USA) operating at 0.015 m* h" 1 . Concomitantly, a second Alpha pump drew air at W 
0.006 m 3 h“l vis a Perkin timer A7D50 stainless atael sampling tube containing QD 
200 mg of Tenax TA (Cbrompack Ltd., UK) for the collection of nicotine and! than ( 

through a carbon monoxide dosimeter (General Electric 15, ECCSICOj; KDA ns 

Scientific, UK), the latter also being connected to the Squirrel logger. f j 


During the follow-up monitoring detailed particulate matter data was obtained C D 
over longer periods using three different techniques. Gravimetric date was 
obtained by drawing air at 28 1 min~l through a pair of 47 am, 0.5 ym pore alee 
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PTFE membrane filters (Amicon Ud., UK) connected in peril lei using a double 
heeded diaphragm pump (Charles Austin Ltd l, UK) fitted in e sound proof 
ventilated wooden enclosure* Filters were preconditioned by drying in a 
dessicstor to constant weight. Following sampling, filters were similarly dried 
prior to reweighiog. Simultaneously, particulate wetter was determined using 
three MiniRAM monitors, two of which were fitted with particle: impactors (TSI 
Inc., UK) to remove particles with nominal: diameters of 3:5 y* end 1.0> 
respectively when operated at 2*0 1 min' 1 Oil), the third having no impactor. 
Each MiniRAM was teroed prior to each samp]ling period using a 0.5 um membrane 
filter inline, checked and rateroed periodically as required. To determine the 
relative response of each MiniRAM,, the three were connected in parallel with no 
impactors in a masher of laboratory experiments in a controlled environment* 
MiniRAM results arc corrected to give equivalent response. 

An additional particulate monitor, a Model 3500 Fiesobalance Respirable Aerosol 
Mass Monitor (TSI Inc., UK) was operated using a 2 min integrated monitoring 
time to coincide with MiniRAM readings (12 readings for each MiniRAM taken using 
10 sec integration times). An impactor with a 3.5 ym cut-off was an integral 
part of the pieaobalance . The piesoelectrie crystal in the monitor was cleaned 
with detergent and distilled water in accordance with the manufacturers 
instructions prior to each reading. Cleaning with dilute ammonia was found to 
be necessary after sampling ini some locations to maintain the frequency of 
oscillation near to the baseline frequency. MiniRAM and piexobalance readings 
as described above were taken every 15 min for the duration of the follow-up 
monitoring periodsu 

Nicotine samples taken during the follow-up study were obtained over hourly 
periods and composite samples were collected over each complete sampling period. 
Ricotine collected on the ATD 50 Tenax sampling tubes were analysed using 
2-stage thermal desorption using a Perkin Elmer ATD50 linked to a Perkin Elmer 
8320 capillary colixnn CC with a flame ionization detection (lb). An air volume 
of 15 1 was sampled for the hourly and period samples in the follow-up study 
giving a detection limit of 0.8 yg m~3 compared with a detection limit of 
13.6 yg m'3 in the nationwide field survey. 

Statistical analysis of the main field study was undertaken on the Imperial 
College mainframe computer. For the follow-up study an Apple Macintosh SE was 
used running Statsworks TM software. 

RESULTS! AND DISCUSSION 

Laboratory studies of ETS using simulated 'real-life* conditions are intended to 
overcome the inherent problems associated with sampling uncontrolled 
environments in field sampling. However, experience has shown that such 
controlled experiments cannot substitute for ETS dsts acquired directly in the 
field. No previous study has attempted this on a large scale; most have 
considered relatively smell numbers of samples in a small number of 
environments. 

Susmary data for the complete 30 week field study is included in Table 2, which 
presents indoor air exposures under a variety of activity modes. In the table a 
smoking sample! is one in which smoking is known to have occurred during sampling 
or within tha two hours prior to sampling. Collected data from the field study 
were grouped by site and location. Although approximately 50X of the 2912 
samples were classified as smoking;, imbalances between smoking and 1 non-smoking 
situations were evident. For example, 39X of office samples were classified es 
smoking compared with 90X of those taken in restaurants. Overall, higher 
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71 H.9 
721 471 


UlSUtC HEAR 20 45 2.7 2.1 2.2 .14 .1) . .33 

ID 3 • 2.7 2.7 2.4 .12 .15 .24 

Mill 1 IT .0 .0 .0 .07 .07 .07 

MAX 32 75 21.7 21.7 11.9 4.22 4.22 1.24 

DATA 119 571 710 474 104 111 701 101 

TOTAL MEAN 20 A3 2.4 2.7 2.1 .54 .11 .31 

ID 4 9 2.7 2.1 2.5 .43 .77 .27 

Nil Si 5 .0 .0 .0 .00 .00 .00 

MAX 34 75 31.9 31.9 25.4 4.22 4.22 2.20 

DATA 2153 2370 2457 1319 1331 2101 1310 1421 


MOTE *: Particulate Mtttr Masurtd by RioitAJi 

♦*; Ricotinc lata kelow la taction liait included a» 4.1 »|.a^ 


Nretatilti for 30 week atudy 

PEftCEKTlLE5 COippm) TPM(»t/« y j 

_ . _IM(T) IMffl «M(R) 1M(T) <R(T) 11(1) 


ncoTin(i»i/« J )* 
suit) wity pud 


NIRtHUHl 


.0 

•0 

•00 

.00 

.00 

N.O 

01X VALUE 


.0 

.0 

.07 

.07 

.07 

N.O 

05X VALUE 


•0 

.0 

.07 

.13 

.07 

N.O 

10X VALUE 

lo 

.0 

.0 1 

.13 

.22 

• 15 

N.O 

1 25X VALUE 


.1 


•22 

.37 

.13 

N.O 

50X VALUE 


2.1 

1*4 

.37 

.59 

.22 

N.O 

75X VALUE 


3.1 

3:1 

.44 

1.02 

.37 

N.O 

OOX VALUE 

3.9 

4.2 

1:3 

•01 

1.17 

• 39 

15.2 

90X VALUE 


3.4 


1.24 

1.41 

.39 

30.7 

* 95X VALUE 

4.1 

7.2 


1.41 

2:«2 

•M 

49.0 

1 99X VALUE 

11.5 

12.4 

11.3 

3.07 

3:01 

1.44 

III 2.4 

MAXIMUM 

31.9 

31.9 

25.4 

4.22 

4.22 

2.20 

449.9 

i DATA 

2457 

1319 

1331 

2001 

1310 

1421 

2912 


NOTE *:Particulate Batter aeeawred ky MiiikAH 

•*'*: 77.51 af tU tUotiu lata art kelov latactio* liait 

ID: ftmlirl ArrUtlo* 
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incidence of evoking occurred in travel and leisure situation*, the converse 
being true for work end hoses. 

During the field study, for each classification of travel, work, hose and 
leisure, with the exception of travel by car and walking, MiniRAH measurements 
were observed to be greater in sacking situations than non-amoking ones 
(Figure 1). Differences between smoking and non-smoking MinitAH total 
particulate matter veluee were observed in pubs, trains, busts, offices end 
restaurants (Figure 1), Overall MiniRAH values in non-smoking situations were 
0.3 mg mr 3 except for travel which wee 0.4 mg m" 3 . Where smoking occurred the 
mean MinitAH particulate level vae ha tween 0.6 and 0.9 mg *“ 3 tha highest levels 
being associated with leisure situations. 

Over-estimates for MinitAH particulate date have been reported in the literature 
(14). When considering the psrticulste levels as measured by the MinitAH, the 
relationship between the various techniques of measuring particulate matter must 
be considered. Since the light scattering effect is dependent upon particulate 
site end reflectivity it is apparent that the results obtained using the MinitAH 
in the main survey are subject to a correction factor the magnitude of which is 
likely to be affected by the particular environment being snpled. A summery of 
the results obtained using the various methods of particulate monitoring in 
specific environments is included in Table 3. An examination of 15 nib values 
applying the lolwogorov-Sairnov test demonstrated that the individual sampling 
data sate were not normally distributed, although an examination of all tha data 
for a particular eet of conditions (e.g. piesobaliance data for Sites 1 to 12) 
showed these data sets to be one tail of the normal distribution 'hell shape*• 
Therefore the Vilcoxon Signed tank test was applied to the paired noo-parametrie 
data atta to compare the various Mini RAMS with the piexobelance response in the 
12 teste. Meerly ell the responses were highly significantly different (F-0.01 
or lower) with a few exceptions in the non-smoking low particulate level sites. 

It is apparent from Table 3 that the ratio of response when comparing the 
HiniRXM (with no impactor) as usedi in the field study, and the gravimetric date 
varies greatly in the different environments. The highest ratio of 4.8 was 
found in the baT while the lowest, 0.36 ves observed in the workshop. It is 
evident that the nature of the particulate matter in theta two environments is 
quite dissimilar. The mean ratio for all twelve locations was 2.0 with a 
standard deviation of 1.2. In contrast a comparison of the piexobslance and 
gravimetric data gave an overall ratio of response of 0^82 with a standard 
deviation of 0.38 (Table 3);. Considering the intermittent nature of the 
piesobaliance (and MioiRAM) data in comparison with the integrated nature of the 
gravimetric data an identical 1:1 relationship would not, however, be expected. 

Therefore, on the basis of the follow-up study, it may be concluded that the 
MinitAH with no impactor, as used in the nationwide field survey, over-estimated 
the particulate matter concentration by on average a factor of 2.0 compared with 
gravimetric date and 2.5 compared with piesobaliance measurements. Taking the 
factor of 2.0 into account, the corrected mean particulate levels ini each of the 
emoking locations in the nationwide survey, may be compared with the corrected 
non-smoking situation (shown in brackets); travel 0.40 (0.21) mg m~ 3 , work 0.30 
(0.16) mg a" 5 , home 0.35 (0.14) mg m“ 3 and leisure 0.46 (0.17) mg m" 3 . These 
corrected results ere comparable with previous findings. Repace end tovrey (17) 
reported mean particulate levels between 0.09 end 0.11 mg m“ 3 in four 
restaurants and between 0.09 end 0.70 mg m~ 3 in public buildings, while Debar 
and Fischer (18) found a mean particulate level of 0.13 mg m" 3 in 44 offices 
with a range from 0 03 to 1.13 mg m* 3 . Sterling e£ a!., (9), however, reported 
« somewhat lower mean particulate level of 0.038 mg m^ (.0*81, range - 
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TABU 3 i Swmary of rnult* for sampled envlroMents in the follow-up study 


tlft SMOKING 

HiniRAM FASTICULATE 

MATTER (•■ -' 3 ) 

PIEZ0BALANCC 

(m 

CRAVtMETRtC 

NICOTINE 

_<H^,)- 




NO 

IMFINCKR 

3.3 vm 
CUT-OFF 

1.0 li« 

cut-off 

- 3.3 

CUT-OFF 

(■S 

HOUBLY 

SAMPLES 

PERIOD 

SAMPLE 

I • 

Of flea 

NS 

0.12* 

(0.06)** 

0.03 

(0.03) 

0.0* 

(0.04) 

0.06 

(0.02) 

0.077 

1.0* (0.1)** 

1.2 

2 

Office 

NS 

0.03 

(0.03) 

0.04 

(0.04) 

0.02 

(0.03) 

0.03 

(O.Vl) 

0.066 

1.2 (0.1) 

0.8 

J* 

Office 

S 

0.3. 

(0.2?) 

0. IS 
(0.30) 

0.21 

(0.24) 

0.11 

(0.06) 

0.120 

9.7 (16) 

3.7 

A* 

Office 

s 

0.26 

(0.20) 

0.24 

(0.21) 

0.25 

(0.1*) 

0.10 

(0.05) 

0.117 

2.2 (2.1) 

3.3 

3* 

ter (1) 

s 

o.u 

(0.17) 

0.11 

(0.15) 

0.04 

(0.10) 

0.07 

(0.03) 

0.109 

4.7 (4.2) 

6.0 

Vt 

Mr (1) 

s 

0.30 

(0.26) 

0.J5 

(0.25) 

0.27 

(0.24) 

0.07 

(0.04) 

0.130 

(.5 (4.7) 

6.8 

9 • 

Mr (2) 

s 

0.40 

(0.**) 

0.61 

(0.31) 

0.15 

(0.43) 

0.13 

Co.il) 

0.083 

7.2 (5.4) 

3.1 


Mr f2) 

s 

0.12 

(0.41) 

0.39 

(0.36) 

0.14 

(0.49) 

o.os 

(0.0S) 

0.133 

11 (17) 

12.0 

F • 

rut 

NS 

0.20 

(0.03) 

0.27 

(0.06) 

0.22 

(0.09) 

0.03 

(0.02) 

0.069* 

4.1 (1.9) 

<0.8 

10. 

flat 

NS 

0.13 

(0.63) 

0. IB 
(0.31) 

0.12 

(0.1*) 

0.06 

(6.12) 

0.069* 

5.7(-> 

3.6 

II. 

tforkahop 

NS 

0.06 

(0.03) 

0.06 

(0.03) 

0.01 

(0.01) 

0.03 

(0.02) 

0.110 

2.1 (0.7) 

I.B 

12. 

Workshop 

NS 

0.16 

(0.33) 

0.10 

(0.29) 

0.05 

(0.20) 

0.08 

(0.0?) 

0.160 

!.• <°* T > 

1.3 

NS - 

ftoA-Mtoklfti; 

Sr 

••oh ing; * 

- Man; 


* - date obta 

Lead over both periods. 
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WD-Q.7 mg m* 3 ) in buildings where amoking vss permitted and a Man of 
0.038 m m ~ 3 (n-20, range • 0.014*0.32 Bg m~ 3 ) where smoking was restricted. 

All particulate concentrations in the nationwide survey were below the: *total' 
dust Occupational Exposure Limit (OEL) of 10 Bg m~ 3 (set for an 8 hour period) f 
and assiBing a correction factor of 2.0 on average, all were also below the OEL 
of 3 Bg b~ 3 set for 'respirable dust* set by the UK Health and Safety Executive 
(19). Furthermore, 95X of all survey samples were less than 9X of the 'total 1 
dust OEL and 9SX of all SBoking samples would be less than 12X of the OEL. 
Statistically higher levels of MiniRAM particulate Batter were observed in the 
smoking environment compared with the non-smoking, for each of the four activity 
types. 

The observed behaviour of occupants in the office environment in the follow-up 
study enables a direct comparison between amoking and non-smoking to be made 
(Figure 2). When amoking was not occurring, all the methods of particulate 
meesureaent found levels below 0.22 mg mT 3 with 15 min fluctuations remaining 
relatively aaall during both experimental periods. In contrast, when smoking 
occurred, marked fluctuations were .observed during the sampling period. This 
was particularly evident for the MiniRAM data regardless of ths present* of 
absence of impactors (Figure 2). Particulate levels in the bars exhibited 
significant peaks associated with the hours of opening end hence the times of 
ITS exposure end the preparation of cooked anacka (Figure 3), while operation of 
a specific milling machine in the workshop produced comparable levels of 
particulates (Figure 3). 

Correlation coefficients between the 15 min MiniRAM values and piasobalancc 
results in the follow-up study were generally highly significant (P*0»01 or 
lower) with the exception of the non-smoking office locations (Sits 1 and 2) and 
the nonrsmoking flat (Site 9). In particular in the ease of Sites 1 and 9 no 
significant correlation was avident between the piezobalance results and the 
MiniRAKS with 3; 5 pm and 1.0 y* impactors. It should be noted that the MiniRAMS 
had a readout resolution of 0.02 mg m"* 3 on the digital display and a precision 
and stability of a 0.02 mg *“ 3 over the 2 min sampling periods. The gravimetric 
particulate determinations obtained in locations 1,2 and 9 were the lowest 
observed in the follow-up study. The effects of such diacreta date in 
combination with instrumental variation would be expected^ to be moat significant 
at low particulate levels. 

More directly comparable in terms of assessing differences between the methods 
of dstsrmining particulate levels is the MiniRAM with a 3.5 pm impaetor and the 
piezobalsnce which has a 3.5 pm impaetor aa an integral component. The relative 
response when compering these two methods in the follow-up study was on average 
2.ti with a s tan oar o oeviatiou oi 1.59. The highest ratios wax's observed in the 
bars and the lowest in the non-amoking workshop and flat. Since the particulate 
size of ETS is generally thought to be Idea than 1.0 pm, the MiniRAM with a 
cut-off at 1.0 pm would be expected to indicate the presence of smoking when for 
example, it ia expressed at a proportion of the MiniRAM response with a cut-off 
at 3.5 pm. Indeed the lowest rmtios of KO: : 3.5 i* MiniRAMS wars observed in 
non-smoking locations and in general the highest ratios were in amoking 
locations, although the highest ratio which was inexplicably greater than unity 
was observed in tbe non-smoking office (Site 1 on Table 3). The mean response 
of the 1.0 ps cut-off MiniRAM relative to the 3.5 pm cut-off MiniRAM vas 0.77 
with a standard daviation of 0.40, tha lowest ratio being 0.25 for tba 
non-smoking workshop. 

In calculating nicotine values for the nationwide field survey a value of 
6.8 pg m? 3 (i.e. half the limit of detection) was assumed whenever tbe nicotine 





'.a - 1 v ^ - : *.v.? \ . v 

| rl \ r* --'f. 

. '*' ■ V, 1 ? 

"V’-.' ' 5 i V i 

W y j-,. r. HSj 






r 


^nVs'ucsf.edu/docs/hm ’ 


Zi'C-- 










PARTICULATE HATTER (mg/m ») 



2023380226 


, - S r '* '* a 

* * 9 .. 

f * w r. 


Figure 2. PirticuUtt tnurunti by piesobalence end Mini RAMS during the follow-up study 
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level VII below the limit of detection. It it likely that this 1*4 to on 
over-estimation of nicotina levels ti ton than 77X of the nicotine samples were 
below detectable levels* Indeed, all of tbe period mean nieotine concentrations 
in the follow-op study would have boas below tba da taction limit of tba main 
survey (Tabla 2). Furthermore, tba measurement of nicotine concentrations in 
tbe flat in tbe order of 6 US *”* suggests tba pretence of interfering volatile 
organica at no smoking vat known to have occurred in tba flat for several montha 
prior to sampling. The flat vat of recant coot truce ion and tbe interference! vat 
attned to be volatile emittiona from building matarialt aucb at paint (20). 
In tba nationwide sorvty a aimilar pattern emerged to that obtervad for 
particulate matter, with higher levels ataociated with travel and leiaure ware 
evoking occurred. The highest mean nicotine concentrations were observed in 
trains, busts and public houses classified as smoking locations (Figure 1). 
Overall, mean nicotine concentrations of 24, 22, 19 and 14 yg ware found 
for travel, leisure, home and work smoking locations respectively compared 1 with 
between 7 and 9 yg in non-smoking locations. 

Vo individual nicotine concentration exceeded tbe OCL set for occupational 
exposure to nieotine of 500 vg m~3, and 95X of all locations ware below 101 of 
the 0 hour time weighted average (EL (19K Previous studies using field 
templing have produced comparable nicotine concentrations to those reported 
here. Weber end Fischer (18) reported e mean nicotine concentration of 
1*1 yg m r * in various workplaces (maximum 16 yg m“ 3 , e-160) while MUremetew at 
ell. (21) reported a mean nicotine concentration of 20*3 yg m~* (maximum 
71 yg m*3, n*91) in work, leisure and travel situations. Mora vacantly, Bsmood 
at el* (22) found a mean nicotina concentration of 5.1 yg n~* (maximum 
41 yg nT 3 , n*14) in railway workshops and 19 yg m 7$ (maximum 40 yg mr 3 , n*10) in 
offices. In another survey of office environments. Sterling at al. (9) reported 
a median nicotine concentration of 8.5 yg m* 3 ( maximum 53 yg m^ 3 , n-10). 

Mean carbon monoxide levels were not significantly different in smoking and 
non—smoking environments in the nationwide field survey (significance level of 
OiOl, corresponding to an overall signifieence of about 0.05). Tbe highest mean 
carbon monoxide values of 5 to 6 ppm, observed during ear journeys, were 
independent of smoking. In non-smoking environments, carbon monoxide levels 
associated with travel were statistically significantly higher than for work or 
home. 0b such differences were observed!in smoking situations. 


Similar levels of carbon monoxide to those found in this study have been 
reported elsewhere (23K Mean carbon monoxide lavala in both smoking end 
non-smoking offices have been record** at 2.5 ppm, while carbon monoxide levels 
up to 21 ppm in bus garages, 09 ppm in car ferries end 68 ppm in warehouses have 
been noted (23). These date end i other a suggest that carbon monoxide levels can 
be appreciably effected by sources other then ITS. lo the nationwide study 
reported here, 951 of ell carbon monoxide concentrations wsre less than 15Z of 
tbe 8 boor DEL set et 50 ppm in the UK (19) end eons exceeded it. 


COBCLUSIOBS 


An extensive 30 week field survey bes been carried out of the levels of 
particulate matter, nicotina and carbon monoxide ie indoor environments 
throughout tbe UK* Borne, travel, work and leisure environments have base 
examined, with an approximately even distribution of measurements between 
smoking end non-smoking locations* Whan tbe results were classified according 
to activity, it was found that leisure end travel tended to be associated with 
higher levels then home or work. Overall no significant difference was found 
betwean smoking and non-smoking locations for carbon monoxide in aaeb of the 
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four types of situations, but MiniRAM particulate and nicotine levels were 
higher in rooking situations. Results for oon-rooking environments showed that 
there are sources of particulate matter and carbon monoxide aother then ITS. As 
reported the amounts of the three components in the field survey were generally 
low in comparison with UK OIL* and were often close to detection limits of the 
equipment used. Taking the adjustment from the follow-up study into account, 
particulate levels were consistent with previous studies reported in the 
literature. 

A comparison of three methods for the evaluation of particulate matter, namely 
MiniRAM particulate dosimeters, pietobalanee aerosol monitors and ii gravimetric 
procedure in an intensive study of a small number of environments demonstrated 
that MiniRAM particulate monitors over-estimate the contribution of ITS to 
indoor particulate levels. This is likely to be related to the high reflectance 
of ITS particulates. Nicotine concentrations determined in follow-up studies 
with an improved detect ion limit, were in general lover than those observed in 
the nationwide field survey. This suggests that the nicotine levels reported in 
the fieldl survey were somewhat over-estimated, particularly for the non-rooking 
locations. 
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iy experience^ patient* who 
by a combination of antipsy- 
Hi about 15% of those 
»e drugs ih skilled mtr»^ 
or psychiatric hospitals, 
probably the experience of the 
other psychiatrists who, like 
itinue to use combined therapy 

* the guidelines to the con- 

pe the cited authorities In the 
/ill either explain why these 
ons are not frequent and/or do 
present rational use or change 
id vice in their future editions 
here is seldom indication to 
je use of antipsychotic* with 
me side effect profile, but there 
equent indications to combine 
with different profiles,” and 
be the indicatkm*. Only then 
government reviewers ^ change 
current "indicator” of ip appro- 
drug prescribing and will clini- 
be relieved of their current 
n of being faulted by reviewers 
rational prescribing practice 

UtOmwiw.**) 

Wo 

oMI CP, ClaM XU Cmeomiuat Aatiptycfcotic 
. JAMA 1W3JW1SS. 

Act R 1 Jackiem AH Apprawk** to ochitophr*- 
ai («dj Mammal itf F9#*\at*c rfcrrtjpf*- 
eticsd F^hcpkarmatelon *«f fcyeAwKTr Boo¬ 
le Bron S Co. lf7S.,p S9 
Awnoi BJ ClmcOkTwpr «• ******* 

• m. Hirvorf U«i*mtty Prm. 1VH, p f!. 
BP. Boldcouriai BJ PbycottifmiiH. lu 

*. ^utholiwrfSf ayodron* *nb mUdepm- 
4 astiporkioMa Avp Are! Cf« Ptyekialryt 
37I4B0 

man S GciHm B. Hoot ttrok* i® ptweetkiasM 
(tunu A Npert rf Urce ttuliticc Am J 

«iUk« KJ.IJUcici*t A: Hypefpyrro* from dn* 
isiamn JAMA UWiUU 

eply .—Dr Glickman’s letter ex- 
s on the necessarily brief com- 
. we made in our initial answer to 
question that "various antipsy- 
c dhigs do not differ in specifici- 
tti particular target symptoms, 
nigh they do differ in side effect 
les ” Systematic: studies have not 
orted the belief that particular 
psychotic drugs are more effica- 
4 for patients with particular 
ptoms, eg. agitation:' However, 
Agree with Dr Glickman that the 
of two antipsychotic drugs with 
Tent adverse effect profiles may 
etimes be helpful in achieving a 
er balance between total thera- 
ic effect and adverse effects. 
?ther this procedure is regularly 
e beneficial than either dose 
istment with a single antipsychot- 
rug or the addition of an antipar- 
icnian drug is an interesting 
r * >1 question that can be settled 
a carefully controlled rer 
*c» trial We are not aware that 
am study has been done. 


Given the present state of knowl¬ 
edge about this issue, we believe that 
the concomitant use of two different 
antipsychotic drugs should be a mat¬ 
ter for the clinical judgment of the 
prescribing physician. Most impor¬ 
tant are the identification of indica¬ 
tions for the use of antipsychotic 
drugs, monitoring for adverse effects, 
and careful assessment of the need tb 
continue treatment with these drugs 
for more than a few months. 1 

Mcmxb M Slam. MD 
OmmPKmauiUD 
UftMnftrtfGNQ am 
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Costs and Bsnsflts 
of Cssaroan Sections 

To the Editor.—Dr Sachs etaT made 
a nice contribution with their article 
on cesarean section The cost-morbid¬ 
ity angle of studies on the delivery of 
low-birth weight and breech infants 
needs to encompass those infants who 
do not die but have permanent neuro¬ 
logical damage and live a very long 
time at a tremendous expense. 

G C TwNom M) 
Gate* 

J Each* BP, McCarthy BJ. Bubm C. *i aJ Gwarta* 
ccciion Riih and for awther and fetu. JAMA 

In Reply,— Dr Nabors’ kind words are 
appreciated. We were unable to assess 
either the cost of long-term care for 
i infants that do not die or the 
decreased cost for those infants less 
traumatized because of a cesarean 
delivery. We therefore emphasised 
that our study was not meant tb be * 
cost-benefit analysis but an opening 
shot in a discussion that needs to take 
place. 

»«***. P tiM.MW.HNt) 
moon ttfmet 
Mi* Honpfei 


Passive Smoking and Uptake 
of Carbon Monoxide In 
Flight Attendant! 

To the Editor.— There it concern 
about the health effects of passive 
smoking ’ Because of concern among 
flight attendants about passive expo 
sure to cigarette smoke diming work 
on commercial aircraft, a preliminary 
investigation was conducted to ***** 
for an increase in expired air (end 
tidal) carbon monoxide in fiif™ 
attendants after work Expiredjur 
(end tidal) carbon monoxide was cbo- 
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•en because carbon monoxide concen¬ 
tration is known to vary linearly with 
the rate of cigarette burning in an 
environment.* 

Volunteers gave their informed 
consent after the nature of the proce¬ 
dures had been explained to them. 
Nonsmoking volunteer flight attend¬ 
ants filled out health history ques¬ 
tionnaires before flight and recorded 
their observations during flight Ex¬ 
pired air (end tidal) carbon monoxide 
was measured before and after each 
flight for each volunteer. All flights 
were "turnaround” flight* from Los 
Angeles to Honolulu and back. These 
flights were of about five hours' dura¬ 
tion in each direction, with an hour 
on the ground in Honolulu. 

The volunteers were 16 women 
between 85 and 48 years of age: Four 
of them worked in nonsmoking sec¬ 
tions only during the flight* of inter¬ 
est. There was no increase in the 
concentration of carbon monoxide in 
the expired air (end tidal) of these 
flight attendants during the flights in 
this study. In fact, their exhaled air 
carbon monoxide levels decreased by 
an insignificant amount When the 
four attendants who worked in the 
nonsmoking areas were excluded 
from the analysis, the results were 
not altered substantially. These re¬ 
sults are consistent with results of a 
similar study reported in 1983’ and an 
earlier study involving a larger num¬ 
ber of subjects ' These results indi* 
cate that the concentration of smoke 
to which flight attendants are pas¬ 
sively exposed is too low to alter 
significantly their expired air carbon 
monoxide levels Other possible 
health effects of such exposure were 
not addressed^- 
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Foreign Body 

•n a Mecktl'a Diverticulum 

To Ihr Editor. —A 19-montb-old girl! 
infant uas seen because of abdominal 
P-m and discomfort. Her mother 
su^d that approximately six weeks 
hid swallowed! a penny. 

K<«■ ntgenograms revealed the coin in 
t. right o^er, quadrant. The patient 
^ntmued to have intermittent bouts 

tUltjimnal pain and vomiting Seri- I 

*** 25 - 1W4-VoJ 251, Ho 20 


al roentgenograms t; 
showed oo progress 
Exploration was u 
the coin was foun« 
diverticulum. The dr 
with the coin, was ex 
tive recovery was u 
for a wound abscess 
with drainage. 


Accost to Medical 

To the Editor.— In hi 
”A New Physician Si 
Ginsberg 1 seems to l 
lem, NY, will never 
'including black pi 
remark conveys the in 
and when Harlem g 
this one would be a bl 
token, the next phys 
| into a reservation is 
native American: Th 
ing is analogous t< 
famous "separate bv 
once applied to our e 

Having asked “W 1 
! the poor and I minor 
said that "access to 1 
system is not to b 
access to private pr 
therefore encouraget 
minorities to go to 
rooms and/or seek ' 
nurse practitioners.” ’ 
no longer "separate b 
but a more pragma 
"Some care is better 
all.” Soon we woul 
doors to the health 
side door for the pc 
ties! 

Ini either case, Dr ( 
ommending a drastic 
principles of equalit 
Whatever new physic 
cy is set up, it thou 
rationing services an 
deviate from the gold* 
access to quality care 
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In Reply — I share wi 
the letter a deep dif 
the fact that my co 
variance with the f 
access to quality cai W 
referring to realities *0 
anybody else* prefei rj 
ingly, despite the la 
physicians entering tl” 
tem, I see little likeli QD 
tioners setting up pri 
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Tbc levels of bruth CO relative to ambient CO 
found in the population studied arc shown in fig 1 for 
the 99 nonsrookers and in fig 2 for the 69 smokers (of 
whom 66 were cigarette smokers). The breath CO 
levels of the smoken were in general higher than 
those of the nonsmokers, ranging from 3 to more 
than 100 ppm; only 6% of smokers having breath CO 
*" levels lower than 6 ppm and 74% having le vels above 
10 ppm. Although moat (79%) of the nonsmokers 
had levels below 6 ppm, 12% had levels above 
10 ppm. The range for the nonsmokers was 
2-60 ppm. 



Fig 1 Relation bctwtt* brtaA •nitmbitnt (room) carbo* 
m&wzUt Uvtb i* Mwwlm, i* rooms wirt ho* CO 
gtntming Sitting (Qf and pouSbtt CO generating 
brazing (%), with calcuUitd regression line. 


Ambient CO levels in the respondents* homes 
were found to range from 0 to 42 ppm. The higher 
ambient CO levels were found in rooms where 
certain types of heating were operating: radiant gas 
fires (particularly if the gas fire was turned down low 
and was of the type where the element was then no 
longer incandescent), open coal or wood fires, coal or 
wood stoves, and paraffin heaters. Rooms being 
heated wkh these types of heating were designated 
CO generating (fig 3). Low ambient CO levels were 
almost always found in rooms where there was no 
heating on, or where the heating was by water or oil 
filled radiator or electric fire—non CO generating 
heating (fig 3). In nonsmokers, there was a very dose 
correlation (r ■ 0-952, p<0001) between the 


B D Cox and Morgans J WhieMow 
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R| 2 Adotio* between breotb and ambient (room) carbon 
monoxide kveis to smokers, to rooms with won CO 
generating betting (Of ond possible CO generating 
hearing (%j, compared with the regression tine for 
nonsmokers 
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Carbon monoxide levels in the breath of smokers and 
nonsmokers: effect of domestic heating systems 

B D COX AND MARGARET J WHICMELOW 

From the Office of the Regius Professor of Physk, Cambridge University School of Clinical Medicine, 
Addenbrooke's Hospital, Hills Road, Cambridge CB2 2QQ 

summary Breath and ambient (room) carbon monoxide (CO) levels were measured in a random 
sample of 168 adults intheir own homes. The levels of breath CO in the 69 smokers ranged from 
3 ppm to over 100 ppm, 74% being above 10 ppm; mean levels in the 99 nonsmokers were lower 
than in the smokers, 79% being below 6 ppm. In the remaining 21% of nonsmokers with higher 
breath levels than expected, the ambient CO was also found to be elevated, ranging up to 36 ppm. 

A dose correlation in the nonsmokers was found between the breath and ambient CO levels 
(r - 0-952, p<0 001). The rooms with the elevated ambient CO levels (above 5 ppm) were those 
which; at the time of testing, were being heated by gas radiant heaters, open fires or stoves. The 
maximum ambient CO in the rooms of smokers with non CO generating heating was 16 ppm. The * 
results suggest that many people, both smokers and nonsmokers, may be at risk from CO generated 
bycertain domestic heating systems and that nonsmokers are far more likely to be exposed tobigh | 

levels of CO from these sources than from being in a room with a heavy smoker. Poor ventilation 
assodated with the current trend towards excluding all draughts is likely to exacerbate the situation j 

for both smokers and nonsmokers. 


As a precursor to a nationwide study of various 
factors affecting health and health attitudes, two pilot 
studies were carried 1 out on a random sample of 
adults. Included in these surveys, which were 
conducted in the subjects* own homes, were 
measurements of breath carbon monoxide. Carbon 
monoxide (CO) i levels in breath correlate well with 
carboxyhacmoglobih in the blood 1 and have been 
used as an indicator of a smoker.''• In the present 
studies, it, was planned to use the breath CO 
measure menu as a check on the subjects* reported 
smoking Imbits, It soon became evident that the 
simultaneous measurement of environmental CO 
was also necessary, when the levels of CO in the 
breath of tome nonsmokers far exceeded the 
anticipated low values.* * This may be important in 
view of the government's recent decision to publish 
the CO content of cigarettes, and the current interest 
in the possible health hazards of chronic CO 
exposure.* 

Methods 

# 

The subjects comprised 86 men and 82 women 
chosen at random from the electoral registers of 


Bristol, Avon, and Buiy St Edmunds, Suffolk* Their 
ages ranged from 18 to 74 years. The selections were 
made from electoral wards which had a distribution 
of socioeconomic groups si milar to that existing in the 
United Kingdom as a whole. 

The equipment used for the measure ment of CO 
was a battery powered portable Ecolyzer (supplied 
by Analysis Automation Ltd) which will detea CO 
levels down to a concentration of less than one part 
per minion. 

The estimations were made in the subjects* own 
homes in the room in which the interview was being 
conducted (usually the sitting room). 

The type of heating system in operation was noted. 
A measurement of the ambient CO level was made 
and after this the subject took a deep breath and held 
it for 20 seconds (to allow for equilibration with the 
CO concentration in the blood) and then blew into a 
trilaminate plastic bag which was subsequently 
attached to the sampling port of the Ecolyzer. The 
CO concentration in the expired air was measured 
and recorded. If the subject was a smoker, the time of 
the last cigarette and the number of cigarettes 
smoked per day were noted! 
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ambient CO and the breath CO (fig 1* The 
regression coeRident of 103 thowj that for a rue of 
1 ppm CO in the atmoaphere there was an almost 
equal rise of CO in the breath of nommokers. The 
regression i intercept with the about indicates that 
breath CO kveb are 1 *5 ppm h igher at all levels than 
the ambient The 1*3 ppritCO difference reflects to 
vivo metabolic production of CO.* The nonsmoker 
-with the highest breath CO of 60 ppm in an ambient 
atmosphere of 3 ppm was excluded from the analysis 
as he ns a welder using gas welding equipment who 
had just arrived home from work. 

A significant relation between the breath and 
ambient CO levels in the smokers was also found 
(r-0-430, p<0 001) (fig 2). Inspection of the 
regression line of fig 2 reveals that for any one level of 
ambient CO the breath level was usually much higher 
than in the nonsmokers. However, when the smokers 
in rooms with potential CO generating heating 
appliances were excluded from the analysis, there 
was no correlation i between breath and ambient CO 
(h - 37. r - 0*058, NS). 

Although it H apparent that the type of heating can 
markedly influence the ambient CO in a home, 
analysis of the results in environ menu whe re non CO 
generating healing devices were in operation showed 
that smokers do also contribute to the ambient CO; 
In the non CO generating rooms of the nonsmokers, 
there were no valiies above 4 ppm, whereas in similar 
rooms of smokers 21% of the values were above 
4 ppm with a range of 0-16 ppm, and this difference 
was significant for the rooms of all smokers 
(X* ■ 4-613, p<0-05) and particularly for those of 
heavy smokers (2d or more cigarettes per day) 
compared with those of nonsmokers (x* ■ 12*45, 
p<CK>01). 

There was a significant condition between the 
CO levels in the breath of smokers in a non CO 
generating environment and their reported daily 
consumption of: cigarettes (a ■ 37, r ■ 0*582, 
p<0-01). However, a similar relation did not exist 
among smokers in rooms where potential CO 
generating healing systems were in operation 
(n » 31. r « 0-033, NS). These smokers wet* found 
to have significantly elevated breath levels in relation 
to their daily consumption of cigarettes compared 
with the previous group (t “ 2-4145, p<0-025), thus 
indicating that heaiingsystems and cigarette smoking 
were both contributing to their breath CO. 

Dbcussioa 

Although it has been found* * that the measurement 
of expired breath CO is a useful way of <Jhcpminating 
between smokers and nonsmokers, these previous 
studies were carried out on subjects undergoing a 


medical examination at a BUPA dmic where the 
ambient CO level was no higher than the normally 
expected value of 3 ppm.* It caa be assumed that a 
considerable period of time had elapsed b et w een the 
subjects leaving home or their place of work and 
being tested at the dink, and that therefore 
equilibration between the earboaryhacmoglobin and 
the ambient CO at the dinic had taken place.* la the 
present study, however, measuremeau took pbee fat 
the living rooms of the respondents’ homes, where 
many of the ambient CO kveb far exceeded the 
expected ceiling kvd of 3 ppm* Although a 
proportion of the excess CO was, in the case of 
smokers, contributed by their own cigarettes (fig 2), a 
far greater amount was contributed by the CO 
generating heating systems. It must be acknowledged 
that some of the excess CO may have come from 
other (particularly heavy) smokers b the household, 
but data were not collected b these pilot surveys on 
the smoking habits of other members of the 
household. 

The observation that radiant gas fires, opea coal 
and wood fires, eon! and wood stoves, and portabk 
paraffin and gas heaters b use b the room at the time 
the CO measurements were made were assodatedi 
with elevated CO kveb is particularly disturbing b 
vkw of the trend back towards open firea aad stoves, 
and of the current emphasis on dbnbk glaring and 
efficient draught exclusion. Without adequate 
ventilation, the products of combustion remain b the 
room. High leveb of CO indicate that combustion 
was incomplete, and observations at the time the 
measurements were made revealed that with the 
radiant gas fires, at leasts the ambient CO kveb were 
highest when these appliances were turned down low, 
particularly if they were of the older type where the 
elements, when the fire b turned down* are no longer 
incandescent. 

It has been suggested that moderately elevated 
blood carboxyhaemoglobin leveb, art average of 
5-1%,* derived from tigarettes or the environment 
are associated with disease.* * The breath CO kveb 
b the nonsmokers b this study b rooms with CO 
generating heating operating, rangbg from 6 to 
42 ppm, would be expected to reflect 
carboxyhaemoglobin leveb from about 1% to 7% b 
these subjects. Thb suggests that such nonsmokers 
may aho be at risk from cardiovascular disease and 
indicates that means should be found to ensure 
complete fuel combustion or more efficient 
ventilation of heating appliances. Although extensive 
double glaring and draught proofing have been 
btroduced to conserve heat, in Sweden thb has been 
accompanied by fitting ducted ventilatioo systems, 
forcing the escaping warm air over heat exchangers to 
heal the incoming air. 
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Wt are grateful to oer colleagues to the Office of the 
Regius Professor of Physic, Dr M Wadsworth, and 
nedka) students of the University of Bristol for their 
assstance to the coOectioo of the data. 
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«oor Concentrations 

editor. 

The following comments should have 
been included in our discussion paper 
(September 1982, JAPCA p. 916) about 
John Yocum's “Indoor-outdoor air 
qualitv relationships: a critical review* 4 
(May 1982, JAPCA, p. 500). Yocum’s 
review contained two errors which 
should be corrected. 

He states on page 508 “In this same 
work, the LBL workers showed that 
sidestream cigarette smoke produced 
130 mk CO/mg of tobacco burned. This 
value is about half that reported in the 
NAS report.* 9 In fact the NAS report 
Indoor Pollutant* (1981) National 
Academy Press, Washington, D C. lists 
86.3 mg CO per cigarette in sidestream 
cigarette smoke and 755 mg tobacco per 
cigarette for an emission rate of 114 Mg 
CO/mg tobacco burned. Thus our work 1 
and that cited in the NAS report are in 
very good agreement. (If the values of 
86.3 mg GO per cigarette and 411 mg 
tobacco burned oniy during the pro¬ 
duction of sidestream smoke are used, 
the emission rate of 210 me CO/mg for 
tdbacco burned only during the pro¬ 
duction of sidestream smoke is obtained 
As this rate is about double our mea¬ 
sured rate, we suggest this may have 
caused Yocum’s error). 

Yocum also states that no studies 
clearly show the specific effect of 
smoking on I/O ratios for CO in nor¬ 
mally occupied residences. However, the 
same study* he cited to show the effect 
of cigarette smoking on RPM levels in a 
house equipped only with electrical ap¬ 
pliances also demonstrated the effect of 
cigarette smoking on CO levels in a 
normally occupied residence. In this 
study CO concentrations during the 
period when cigarettes were smoked 
were only 0.1 to 0.2 ppm higher than the 
period when no smoking occurred. This 
is identical with the CO concentration 
increase one would predict by using the 
increase in particulate levels observed 
and the ratio of the mass of CO pro¬ 
duced to the mass of RSM produced as 
derived from LBL’s measured rates. 

" This strongly suggests that CO is a 
minor (or negligible) pollutant in side* 
stream cigarette smoke as compared to 
RPM emissions—for example, an in¬ 
crease inCO of 1 ppm would correspond 
to an increase in RPM level of 154 
Mg/m s , thus dominating 1AQ. Based on 
theoretical and empirical results, CO 
sidestream emissions from cigarettes 
have often been Overemphasized. 

John R. Cirman and Greg W. Tray* 
nor. Staff Scientists* Building Venn* 
lotion and Indoor Air Quality Program, 
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Author*! reply 

1 appreciate the comments by Girman 
and Trsynor on my recent Critical Re¬ 
view. Tbey are correct in asserting that 
I should have used the total tobacco 
burned from the NAS figures rather 
than only that burned during side¬ 
stream smoke production in order to 
compere these figures with those de¬ 
veloped by LBL. 

The second point deals with my 
statement on the lack of studies clearly 
showing the effect of smoking on indoor 
as concentrations M in normally occupied 
residences.** In the LBL work cited, 
House No. 1 had one occupant who “was 
• cigarette smoker who consumed 20-40 
cigarettes per day.** It is questionable 
that the 0.1 to 0.2 ppm increase in CO 
concentration between smoking and 
non-smoking periods can be relied upon 
as a quantitative indication of the effects 
of cigarette smoking in view of the wide 
range of possible smoking rates and 
standard deviations of the same order as 
the average concentrations. Neverthe-' 
less, I will agree that contributions to 
indoor levels of CO by smoking in 
“normally occupied residences** are/ 
probably quite small 1 / 

John E . Yocom, IRC Environmental 
Consultants * 7nc. # East Hart ford, CT. 

Opacity Measurements 

Editor: 

A recent paper by William D. Conner 
and Harold B. McElhoe 1 provides useful 
data indicating good agreement between 
©parity measurements by visual obser¬ 
vation and measurements obtained with 
an optical instrument mounted in a 
stack. Since measurement and control 
of particulate matter is an important 
subject in the air pollution control field, 
some general comments on the use of 
these two measurement techniques 
might be appropriate. 

This paper adds to a considerable 
body of information that goes back to 


Lawrtnet Berkeley Laboratory. 
N F«lsh*ry ,1?JB3_Volume 33. Mo. 1 


the original pubicatin by Maximilian 
Ringelman in lfessln fact, William 
Conner was a coauthor of a useful man¬ 
ual published is 1967 by the US. Public 
Health Service. 3 This manual was used 
extensively by many governmental 
agendas in establishing legal regulations 
and methods of implementation. 

So far as I am aware, the first legal 
regulation incorporating in-suck 
transmissometer measurements was 
adopted by the Texas Air Control Board 
in 1969. 4 Experience has demonstrated 
that the instrumental problems can be 
solved to provide a practical method of 
control for use both by industries 
subject to control and by governmental 
agendas responsible for surveillance and 
enforcement** Such a regulation has 
many advantages compared to a regu¬ 
lation based on visual observation, for 
reasons outlined in the references 
- died. 

While this study 1 and others have 
demonstrated that instrumental mea¬ 
surements and visual observations 
usually agree within reasonable limits, 
such ’ agreement is not essential for 
transmissometer measurements to be 
useful. The ,two techniques are not 
measuring exactly the same thing, so 
some occasional differences are not 


surprising. Neither technique is intrin¬ 
sically “correct;** so a difference does not 
necessarily mean that one is right and 
the other wrong. As pointed out by 
Conner and McElhoe, some of the dif¬ 
ferences are caused by the fact that vi¬ 
sual observations are adversely affected 
by conditions such as darkness or doud 
cover, in which case the instrumental 
measurement is more reliable. The 
Texas regulation avoided problems with 
any possible differences by providing 
that a company would not be legally re¬ 
sponsible for a limit based on visual 
observations if a transmissometer was 


installed and calibrated according to the 
specified procedure and continuous 
monitoring data made available to a 
governmental control agency on re¬ 
quest 


While this paper dealt with mea* 
surement techniques rather than basic 
principles and underlying philosophies 10 
of emission control, they infer the same O 
philosophy that has been used in the ft) 
past, Le., that mass emission limits gj 
should be the primary basis for control, gj. 
while opacity is useful as a quick means qk 
of determining a possible violation of the 
mass emission limit I suggest that this 
philosophy should be questioned on the 2Z 
basis of variations in part icle size, and W 
that mass emission limits and opacity w) 


limits are both valid on their own 
merits. 

Biomedical research workers have 
established over the past several decades 
that the particle size range most likely 


(Continued on page 90) 
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MEASUREMENTS OF INDOOR CARBON 
MONOXIDE LEVELS USING PASSIVE SAMPLERS 
IN KOREA 

H. Nitta, B.-S. Son, K. Macda 

Department of Epidemiology, School of Health 

Sciences, University of Tokyo 

Bunkyo-ku, Tokyo 113 JAPAN 

Y.-S. Kim 

Department of Medical Information and Management, 

College of Medicine, Hanyang University 
Sungdong-ku, Seoul 133, KOREA 

Y. Yanagisawa 

Department of Environmental Science and Physiology, 

Harvard School of Public Health 
Boston, MA 02115, USA- 

Indoor carbon monoxide (CO) concentrations and personal CO 
exposures were measured in Korea where CO poisoning caused from the usage 
of Yeontan or coal briquette as domestic fuel for cooking and space heating 
has been a serious problem. Thirty-five homes were selected from an urban 
and rural area for the survey conducted in January 1989: Newly developed 
passive CO samplers were placed in a kitchen and living room for the indbor 
measurement and were worn by a housewife for the personal exposure 
monitoring. Daily averages of indoor CO concentrations were 23.4 ppm in the 
kitchen and 11.8 ppm in the living room. The average personal CO exposures 
of 18.1 ppm was between the two indoor CO concentrations. The indoor 
concentrations and personal exposures to CO were different ini types of the 
space heating systems and two areas. House ventilating methods and socio¬ 
economic conditions were also important factors in determining the indoor and 
personal CO levels in Korea. 

INTRODUCTION 

One hundred thousand poisoning cases and two thousand deaths in a 
year due to accidental exposures to CO are reported in Korea', where 
approximately 70 percent of households use coal briquettes or Yeontan as 
domestic fuel for cooking and space heating. CO, a combustion prodiict of 
Yeontan, is discharged into a house through flues of the heating system which 
is inadequately maintained and/or installed. An ondol is a traditional! and 
common method for floor heating and cooking in Korea. There are two basic 
types of ondols using Yeontan. One is a traditional ondol and the other is an 
ondol boiler. In the traditional ondol, flues are installed! from the cooking 
stoves in kitchens, under floors, through the living area, to the outside. Indoor 
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air is wanned up with the combustion gas vented through the flues. In the 
ondol boiler, hot water or steam made with the boiler is used instead! of the 
combustion gas as the medium for the floor heating. The pipes for the hot 
water or steam are positioned under the floors. "Saemaul’ boiler is a i subtype 
of the ondol boiler using a cooking stove for producing hot water. 

Since most of the research has focused on medical treatments and 
follow-up studies on the patients suffered from the CO poisoning, there are 
few studies on personal CO exposures and indoor CO concentrations. A 
preliminary field study using newly developed passive CO monitors was 
conducted to investigate the distribution of personal CO exposures and to seek 
determinant factors of indoor CO pollution in Korea. 

MATERIALS & METHODS 

Thirty five participants in two cities, Seoul and Togo, were selected from 
homes using Yeontan. Seoul is the largest city in Korea and Togo is a rural 
area located at about 130 km south of Seoul. Twenty five participants were 
chosen from three districts in Seoul where socio-economic conditions differedl 

The sampling was conducted, in January 1989, using three passive CO 
samplers in each home for 24 hours. Two samplers for the indoor 
measurements were placed in a kitchen and living room. One sampler for 
monitoring the personal exposure was carried by a housewife. Some outdoor 
samplers were placed at the outside of several participant’s houses. CO levels 
inside and outside of each house were monitored with a portable electroche+ 
mical CO analyzer prior to the passive sampler measurements in order to 
determine appropriate sampling points. 


The passive CO sampler consisted of a glass tube with one side sealed 
by a rubber cap 1 . The CO adsorbent packed in the glass tube was made from 
Zn-Y-zeolite. The sampling rate of CO was controlled with a narrow diameter 
polyethylene tube inserted into the center of the adsorbent layer through a 
septum fixed to the other end of the glass tube. Analysis of the samplers was 
carried out by thermal desorption of CO, followed by gas chromatography with 
a flame ionization detector. 

Participants’ activities were recorded during the measurements, such: as 
the time spent, locations, and the usage of gas appliances. We alio collected 
information on participants smoking habits and house characteristics. 

RESULTS & DISCUSSION 

Characteristics of house structures and types of ondols of 35 homes are 
summarized Table 1. There are more Korean style homes in Seoul, which 
were less spacious and mostly made of wood. Ten homes have the traditional 
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ondol, 10 use the Saemaul boiler and the rest are users of the ondol boiler. 
In Togo, 2 homes have the traditional ondol and 8 use the ondol boiler. 


Cumulative frequency distributions for indoor CO concentrations and 
personal exposure levels are presented in Figure 1 and a summary of statistics 
is shown in Table 2. The mean CO concentrations in the kitchen and living 
room were 23 ppm and 12 ppm, respectively. The average personal CO 
exposure of 18 ppm was between the averages of the two indoor 
measurements. Half of the participants were exposed to high levels of CO 
exceeding the ambient air quality standard in the USA and Japan which is a 
24-hour average of 10 ppm. Average outdoor CO concentrations measured 
by the electrochemical analyzer were 55 ppm in Seoul and 1.3 ppm in Togo. 

When comparing indoor CO concentrations by types of ondols, houses 
with the ondol boiler had lower mean concentrations than bouses using the 
traditional ondol. Living room CO concentrations in Seoul, for example, were 
11.1 ppm and 95 ppm for the traditional ondol and the ondol boiler 
respectively (Table 3). In Togo, they were 14.2 ppm and 4.7 ppm (Table 4). 
Houses with the Saemaul boiler were the most polluted by CO among the 
three ondol systems in Seoul Pable 3). The Saemaul boiler system, which has 
been recently adopted! does not help to improve indoor air quality in terms of 
CO. 


The average personal CO exposures were highest for the wives using 
the traditional ondol in Togo, while in Seoul the average CO levels were 
highest among wives using the Saemaul boiler Pable 3 & 4). When 
comparing averages of the personal CO exposures by the type of ondols and 
by areas, they did not necessarily correspond to the extent of indoor air 
pollution by CO. In Seoul, the mean personal CO exposures of the traditional 
ondol users and the ondol boiler users were 11 ppm and 19 ppm, whereas 
indoor CO concentrations in the traditional ondol houses were higher than 
those in the ondol boiler houses. These suggest that' the personal CO 
exposures depend not only on the indoor CO concentrations but also on other 
factors, such as daily activities, outdoor CO concentrations and house 
ventilation. 

Presence of smokers in homes was not a major determinant factor of the 
CO concentrations Pable 5). We could not detect the contributions of 
smoking to indoor CO levels and personal exposure. 

CONCLUSIONS 

The types of heating systems were found to be one of the determinant 
factors of indoor CO concentrations and personal CO exposures. Indoor CO 
levels for homes with traditional ondols were higher than those with ondol 
boilers in both areas. Particularly kitchen CO concentrations of the traditional 
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ondol house in Togo exceeded 50 ppm. In Seoul the houses with the Saemaui 
boiler, which is a subtype of the ondol boiler, had the highest indoor CO 
concentrations. The personal CO exposures were between indoor CO 1 
concentrations in the living room and kitchen in most cases. 
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Figure 1. 


Cumulative frequency distributions of CO concentrations by location. 
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Table 1. Characteristics of subjects' house by the area. 



Seoul 

Togo 


# OF HOUSES 

I OF HOUSES 

Type of heating 

Traditional ondol 
Ondol boiler 

Saemaul 

OTHER 

10(40%) 

10(40%) 

5(10%) 

2(20%) 

0( 0%) 
8(80%) 

Structure 

Korean style 

Western style 
Korean-Western 

Nixed style 

16(64%) 

2(' 8%) 
7(28%) 

2(20%) 

4(40%) 

4(40%) 


meanU.d.) 

mean(s.o.) 

Total floor space* 
Kitchen space* 

Living Room space* 

37.3(29.4) 
5.3( 4.0) 
6.9( 3.3) 

80.9(36.6) 
4.0( 2.0) 
5.3( 1.7) 


*SOUARE METER 


Table 2. Summary statistics of CO concentrations.(ppm) 



Hean 

mm 

Range 

N 

Living Room 

11.8 

7.2 

1.7 - 29.8 

33 

Kitchen 

23.4 

26.2 

2.8 - 115.1 

33 

Personal 

16.1 

13.8 

3lO - 69.5 

31 
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Table 3. Mean CO concentrations(ppm) by tyre of heating in 
Seoul. 



Traditional 

ondol 

Ondol Boiler 
Saemaul 

Others 

Living Room 

11.1 

18.1 

9.5 


(n=10) 

(N=10) 

(n=41 

Kitchen 

16.7 

29.5 

11.4 


<n=9) 

(NslO) 

<N=4» 

Personal 

10.8 

25.0 

18.9 


(NSlO) 

(n=9) 

(n»3) 


Table 4. 

Mean CO concentrations by 

type of heating in Togo. 



Traditional Ondol 

Ondol Boiler 

Living Room 

14.2 

4.7 



(n=2> 

(n=7) 

Kitchen 


57.6 

21.0 



(n=2) 

(n*8) 

Personal 


50.6 

10.0 



(n=2) 

(n=7) 


Table 5. 

Mean CO concentrations(ppm) 

HOMES. 

BY PRESENCE OF SMOKERS IN 

Smokers 

YES (24)* NO (ID* 



MEAN (S.D) 

MEAN (S.D) 

Living Room 

Kitchen 

Personal 

12.6 ( 8.0) 
23.1 (26k1) 
15.4 ( 8.5) 

10.3 ( 4.8) 

24.1 (26.6) 

23.7 (19.8) 


*(NUMBER OF DATA) 
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development programs are under y 
through sponsorship of the U,S. Dt r -rt- 
mcni of Agriculture, National Science 
Foundation. Southwest Border Regional 
Commission. Four-Corners Regional 
Commission, and the state of California; 

Germ plasm collections have been 
made from wild guayule plants m Mexico 
and Texas. Plantings have been estab¬ 
lished to lesti yields, to increase seed 
supplies, and to conduct plant breeding 
work. Test plots have been established 
to determine desirable planting and cuhh 
vating practices. Research is being con¬ 
ducted on the possibility of increasing 
rubber yield by treating guayule plants 
with plant growth regulators. 

The recent development of a seed 
^coating process to promote germination, 
and the development of selective herbi¬ 
cides. will make direct seeding in field 
plantations a possibility. Rliminating 
nursery or greenhouse propagation could 
produce considerable savings in produc¬ 
tion costs. 

The only guayule yield figures now 
available are estimates developed during 
the ERP; During the life of the ERJP the 


1100 hectares that were planted yielded, 
per hectare, approximately 480 kg of 
guayule rubber per year. Kelly (IS) 
obtained yields of approximately 160 kg 
per hectare per year from one test plot 
is California. Foster .er a/. (16) have 
outlined the state of the art of gua¬ 
yule technology and described pres¬ 
ent and projected world rubber mar¬ 
ket conditions and areas of the United 
States where conditions favor guayule 
cultivation. 
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Indoor Air Pollution, 
Tobacco Smoke, and Public Health 


James L. Repace and Alfred H. Lowrey 


Serious health effects from air pollu¬ 
tion have led to federal standards for the 
regulation of outdoor exposure levels. 
However, Americans spend about 90 
percent of their time indoors (/). Thus 
the levels of indoor air pollution are im¬ 
portant m determining total exposure to 
air pollutants (2-6). Indeed, in a recent 
review article (#) it was concluded that 
indoor air pollution in puMic office build- 
mgs is of greater potential harm than the 
outdoor variety, and that these ex¬ 
posures may constitute a real threat to 
the health of many urban people. The 
U.& Surgeon General asserted in his re¬ 
port on Smoking and Health (hat to¬ 
bacco smoke can be a significant source 
of atmospheric pollution in enclosed 
areas (7). Some 53 million U,5. smokers 


consumed 615 billion cigarettes m 1978 
fff). Thus it is apparent that indoor air 
pollution from tobacco smoke is pan¬ 
demic. 

In the presence of cigarette smoke, 
many normal nonsmokers experience 
eye and throat irritation, headache, rhi¬ 
nitis, and coughing; allergic persons re¬ 
port wheezing, sneering, and nausea as 
well. Particularly acute symptoms may 
be found in infants, children, persons 
with cardiovascular or respiratory dis¬ 
ease, and wearers of contact lenses (7, 
9). Determining the extent of the ex¬ 
posure of nonsmokers to cigarette smoke 
is important because smoking is a cause 
of chronic obstructive pulmonary dis¬ 
ease, cardiovascular disease. and hmg 
cancer, and is associated with cancers in 
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other pans of the body (7); because these 
diseases also occur in nonsmokers; and 
because the products of tobacco com¬ 
bustion have been detected in non- 
smokers (70). 

Although measurements of indoor car¬ 
bon monoxide pollution from smoking 
are abundant (7), published reports of 
the exposure of the population to the 
particulate phase of ambient tobacco 
smoke are rare (7. //WJ). Furthermore, 
a comprehensive theory of the genera¬ 
tion and removal mechanisms for tobac¬ 
co particulates in naturally or mechani- M 
caiJy ventilated habitable spaces has not 
been presented. JsJ 

We therefore undertook a systematic 
study of the levels of respirable st»- 
pended particulates (RSP) m several np 
common indoor environments in an at- a 
tempt (i) to determine the relation of jT* 
these le vels tq the aerosol from tobacco ^ 
smoking, (ii) to understand the effect of 
ventilation on tobacco smoke concentre- ^ 
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liotis, and (iii) to develop a general m Ji 
for estimating the rinse of the public's 
exposure. Our goal was to provide a 
quantitative basis for assessing the 
health hazards to non smokers posed by 
repeated exposure to tobacco com* 
bustion products. 


Model Development 

To relate the contribution of smoking 
to indoor RSP requires a model describ- 
ing the behavior of the tobacco aerosol in 
indoor spaces Bridge and Corn (6) found 
that a reduced form of an equation by 
Turk (14) reliably predicts carbon mon- 
oxide (CO) concentrations from tobacco 
smoke m ventilated spaces and so is of 
major value in assessing the possible 
hazards in occupied spaces (17). The 
equation is not valid, however, for a pol¬ 
lutant that is affected by physical decay 
due to adsorption on room surfaces . Pen- 
kala and DeOliviera (/5) showed that 
decay of the tobacco aerosol in a well- 
mixed unventilated chamber is ex¬ 
ponential. 

We modify the Turk equation in dif¬ 
ferential form by adding a decay term to 
the removal rate and equating the rate of 
change of pollutant mass to the algebraic 
sum of the generation and removal rates 


Table I. Recommended values of the: mixing 
factor m. after Com (//>. The mixing factor is 
an empirical number that accounts for room- 
specific effects on pollutant transport. Pollu¬ 
tant removal is more rapid in a well-mixed at¬ 
mosphere (where m is large) than in a poorly 
mixed, stable one (where m is small). Factors 
that affect m include type and placement of 
ventilation grills, ventilation flow rates, in* 
homogeneous pollutant distribution, barriers, 
circulation fans, and room traffic 


Configuration of 
air supply system 

m 

Perforated ceiling* 

i a 

Trunk system with anemostats 

) n 

Trunk system with diffusers 

1/4 

Natural draft and ceiling 
exhaust fans 

1/6 

Infill ration and natural draft 

ino 


•This «the best standard condition. 


decay time, a time constant associated 
with the removal i of a pollutant from a 
room through adsorption on surfaces and 
filtration; and m is the mixing factor, an 
empirically determined number (/6> that 
modifies the ventilation time as rjm % 
where m s t (m * 1 implies ideal mix¬ 
ing). Com (It) suggested values of m for 
various ventilation systems (Table UK 
We postulate that m also modifies the 
ideal decay time as %/m. The pollution 
generation rate, in micrograms per min¬ 


Summary. An experimental and theoretical investigation is made into the range and! 
nature of the exposure of the nonsmoking public to respirable suspended particulates 
from cigarette smoke. A model incorporating both physical and sociological parame¬ 
ters is shown to be useful in understanding paniculate levels from cigarette smoke in 
indoor environments. Observed levels of particulates correlate with the predictions of 
the model. It is shown that nonsmokers are exposed to significant air pollution bur¬ 
dens from indoor smoking An assessment of the public health policy implications of 
these burdens is presented. 


The solution yields the density Ait), in 
micrograms per cubic meter, of smoke in 
the room as a function of time: 

Ait) * a„(ii> t-n m 

where A^ - Gr/V is the equilibrium 
concentration of the pollutant in the 
room; and where the time constant 


is the mean ventilation time, or the time 
for the smoke concentration to decrease 
to l/e of its value (where e is the base of 
natural logarithms); V h the room vol¬ 
ume in cubic meters; r, • V/Q is the 
ideal ventilation lime, or the time re¬ 
quired to replace a volume of air equal to 
the volume of the room by ventilation 
and infiltration; Q is the volume rate of 
ventilation and infiltration; r m is the ideal 


ute, is given as G * nC*/V, where #i is 
the number of cigarettes being smoked at 
time /; C« is the total particulate matter 
(TPM) from both sidestream and exhaled 
mainstream smoke; and vis the duration 
of cigarette smoking. 

Equation 1 has two special cases: (i) in 
the case of ventilation only (t - r jm) it 
becomes the reduced Turk equation of 
Bridge and Com (d). with m • I; and (it) 
in the case of adsorption only (the un- 
ventiUted room), t • rjm. Then, if the 
generation of smoke ceases at time v. 
prior to equilibrium, A will decay ac¬ 
cording to 

Aitl* (3) 

where A, is a constant related to the 
equilibrium concentration by 

A. - - 1J 


2 way two 


juation 3 becomes the decay equation 
described by Penkala and DeOliviera 
(IS) for m * I. 

The modified Turk equation (Eq. 1) 
contains only measurable quantities, and 
thus in principle can be used to estimate 
the concentration of TPM or CO from to¬ 
bacco smoke (or other indoor air pollu¬ 
tants), as a function of time, for any 
room for which the pollutant generation 
rate, volume, and mean ventilation time 
are known. 


Controlled Experiments 

Equation 2 shows that the mixing fac¬ 
tor affects the time constant for decay as 
well as ventilation. Experiments under 
conditions of known ventilation were 
therefore necessary to assess the influ¬ 
ence of mixing factors, decay time con¬ 
stants. and generation rates on the 
growth and decay of tobacco smoke par¬ 
ticulates To increase the usefulness of 
the experimental values determined for 
the mean ventilation time for the remov¬ 
al of tobacco smoke, we conducted these 
experiments in actual occupied spaces 
rather than in experimental chambers. 

A piezobalance (TSI model 3500U/7- 
?9) was used in sampling the aerosol. It 
collects respirable particulates CO) be¬ 
tween 0.01 and 3:0 micrometers in diam¬ 
eter with near tOO percent efficiency (de¬ 
creasing to 50 percent at 3.5 pm and to 
10 percent at 4 pm). The sampling rate is 
I liier/min(M); the sampling time is vari¬ 
able. Factory-calibrated with welding 
smoke, the detecting crystal in the in¬ 
strument used has a i sensitivity of 5.74 
pg/'min-m* per hertz. The instrument un¬ 
derestimates the mass concentration of 
tobacco aerosol by about 15 percent 
compared to measurements made with 
low-volume filter sampling techniques. 
Readings can be affected by changes in 
humidity: the maximum expected error 
due to changes in relative humidity when 
sampling a hygroscopic aerosol (such as 
tobacco smoke) is given as ss. 10 pg'mV 
The overall instrument error is 
about s 10 percent compared with low- 
volume filter measurements of welding 
smoke (/9). The aerosol from sidestream 
cigarette smoke (that portion emitted by 
the burning tip): an important com? 
ponent of many indoor aerosols, is tog- 
normal, with 99 percent of the mass < I 
pm in acrodynamfrfflimeter and with an 
initial mass median diameter (MMD) 
from 0.2 to 1.5 pm depending on dilution 
(20. 21). The relative particle sizes of 
fresh sidestream and mainstream smoke 
(the tatter being that portion inhaled by 
the smoker) are about the same: for ex- 
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Table 2. Parameter! for Eq K m detenru-ed with experiment! I to 3 (uavemilated rooms); 


Eaperi- 

meat 

Am 

(Mg/m 4 ) 

A. 

wrn 4 ) 

(Pun) 

m 

r 4 * 

c.t 

(mjolTFM) 

Cigarette 

condition 

n 

530 

503 

to 

V 

.98 

123 

Smoldered 

2t 

sits 

551 

89 

1/9 

.42 

16.0 

Smoldered 

31 

1773 

68) 

164 

< 1 

.8) 

23.0 

Smoked 


•Co tft tmii ef <fi»rnimntoa fa tfcr fecty earn tTl* estimated amount of TPM titormad if the entire 
ckarrttc had beta consumed, according to FTC protocol The FTC etamsueam TPM lr*d for this cigarette it 
)8«flN). tv. 119m 4 . |V* 29m* 


haled mainstream smoke, particle site is 
estimated to be— 0.1 (MMD). Since 
the ambient cigarette smoke aerosol is 
reproducible and coagulates very slowly, 
it has been used as a test aerosol (2/) and 
in evaluation of heating, air-condi¬ 
tioning. and ventilating systems Q2). 
[The bulk of the ambient tobacco aerosol 
is probably due to cigarettes, since less 
than 13 percent of smokers smoke cigars 
or pipes VS),] 

UftventUated Growth and 
Decay of Tobacco Smoke 

Experiments were carried out to deter¬ 
mine the usefulness of Eq. 3, which pre¬ 
dicts a rapid decay for good mixing and a 


slow decay for poor mixing: and also to 
discover the limits of rjm. 

Experiments I and 2 were conducted 
in a wood-panelled den m a private resi¬ 
dence. In the geometric center of the 
room (volume, 21.9 m 1 ), a popular filter 
cigarette (containing 65 millimeters of to¬ 
bacco and ranking 94th on the Federal 
Trade Commission (FTC) scale of tar 
and nicotine content (17 milligrams of tar 
and 1 milligram of nicotine) {24)] was ig¬ 
nited and allowed to smolder until 89 
percent of its tobacco was consumed. 
During the first experiment, two box fans 
(51 centimeters in diameter) with anti¬ 
parallel exhausts were used to ensure 
ideal mixing: each fan's exhaust, mea¬ 
sured with a Vetometet, was 55 mVmin. 
The growth and decay of the RSP were 


measured with the piezobalancc. Experi¬ 
ment 2 was similar to experiment 1, ex¬ 
cept that the cigarette was extinguished 
after 75 percent of its tobacco was con¬ 
sumed and the circulating fans were not 
used, so that mixing was natural; The re¬ 
sults of both experiments are plotted in 
Fig. 1, with the background levels of 
RSP subtracted. The data points general¬ 
ly represent 1-mmute average values. 
The differences in mixing dramatically 
affect the slopes of the decay curves. 

The theoretical curves shown in Fig. 1 
were generated by fitting the data points 
from the decay curves to Eq. 3 with a 
regression analysts; A % and rjm were 
determined and used to calculate the 
growth curves from Eq. I, case (ii). The 
ratio of the slopes of the decay curves for 
ideal and natural mixing yields the mix¬ 
ing factor for the room. Table 2 gives the 
values obtained for the various parame¬ 
ters. The value of the mixing factor ob¬ 
tained is in good agreement with the ex¬ 
pected value given in Table I for the case 
of infiltration and natural draft. The 
growth curve for the case of natural mix* 
mg (experiment 2) shows a poor fit ini¬ 
tially because of the effect of the warm 
smoke rising to the ceiling and remaining 


Table 3 Field survey of indoor RSP m the absence of smoking 


Locale 

Room 

volume 

On 5 ) 

Per¬ 

sons 

per 

room 

Per¬ 

sons 

per 

100 m 4 

Indoor 

RSP 

level* 

(Mg/mn 

Average 
time 
per RSP 
sample 
(min) 

Out¬ 

door 

RSP 

level* 

(M|/m 4 ) 

Comment 

Crepe* restaurant 

124 

43 

35 

29 

20 

44 

No smoking section: aroma of fry- 

(Washington. D C ) 
Sandwich restaurant 

326 

40 

12 

35 

21 

40 

inf crepes evident 

No smoking section: near kitchen; 

(Laurel. Md ) 

Sand wick restaurant 

326 

35 

17 

51 

21 

35 

three smokers in smoking section 
No smoking section; near kitchen; 

(Laurel. Md.) 

Fast-food restaurant 

1,400 

22 

1.6 

38 

T 


one smoker m smoking section 
Aroma of hamburgers frying 

(Bowie. Md.) 

Private residence 

120 

1) 

9 

24 

20 


Cocktail party; one candle bum- 

(Subrook. Md.) 
Privtu mtdcnct 

124 

1 

03 

44 

15 


ing 6 m from RSP detector 

One hour after sweeping 

(Bowie. Md.) 

Private residence 

22 

2 

9 

24 

6 


basement Boor gm 

Natural mixing) 

Two fans moving 110 m* 

(Cmnbeh.Md.) 

22 

2 

9 

55 

1 


Private residence 

29 

7 

24 

57 

5 


of airper minute! 

One (an moving 55 m* 
til air per minute! 

Two fans moving 50 m* VD 

(Glenn Dale. Md.) 
Conference room 

113 

10 

9 

53 

to 


(Crtcnbch. Md.) 
FuNk library 

MIS 

30 

2.1 

29 

30 


ofair per minute! © 

During piano recital Al 

mrtun* room VT 

(Bowie, Md.) 

Library of Congress 

27,000 

130 

0.48 

30 

to 


Main reading room ffj 

(Washington, DjC.) 

Church 

4,224 

300 

7 

30 

42 


During Sunday service 

(Bowie. Md.) 

Rage! bakery 

510 

30 

6 

23 

to 

8 

Aroma of baking bagels evident 

(Yonken. N.Y.) 

Private residence 

150 

17 

tl 

26 

16 


During dinner party 

(Hawthorn*. N.Y.) 
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out of the detector's rente for about „ 
minutes. Experiment 3 demonstrated 
that Eq< 3 is valid under more general 
conditions, that is, when a cigarette is 
actually smoked. 

We conclude that these experiments 
show that for the unventilated room, Eq. 
3 ( the reduced form of Eq. 1, is useful in 
describing the growth and decay of ciga¬ 
rette smoke particulates. 

Ventilated Growth and Equilibrium of 
Tobacco Smoke 

An experiment was conducted in a 
ventilated conference room of a modem 
office building to test Eq. 1 in the case of 
removal of uniformly generated tobacco 
smoke by both decay and ventilation. 
The experiment involved measuring the 
growth of cigarette-generated R5P from 
background levels to near equilibrium. 
Analysis of the RSP-versus-time curve 
determines r, the mean ventilation time, 
and C T . the total RSP liberated from the 
combined sidestream and exhaled main¬ 
stream smoke. 

The RSP detector was Ideated in the 
geometric center of the 113-m 3 room. 
Two fans with antiparallel exhausts were 
used to establish a vigorous circulation 
of 100 mVmim The ideal ventilation time 
n, calculated from the volumetric flow 
rates of the ventilation system, was 49.2 
minutes for a complete change of air. 
Thirty-two cigarettes were smoked in 49 
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Fig. 1. Theoretical predictions versus experi¬ 
mental results for the growth and decay of 
RSP from a smoldering, average-tar cigarette 
in a 22-m* unventilated room. The dramatic 
difference m the slopes of the decay curves 
reflects the difference in room air turbulence 
(mixing) for the otherwise similar expert 
menu. 
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minutes by a relay of seven smokers, 
with an average of four persons smoking 
at any given time. When smoking their 
own brands, they avenged 9.8 minutes 
per cigarette; when smoking cigarettes 
supplied to them, they averaged 5.1 min¬ 
utes per cigarette. All butts were collect¬ 
ed and the amount of tobacco consumed 
was measured for each cigarette. The es¬ 
timated mainstream TPM (Af) (tar plus 
nicotine) generated by the 32 cigarettes 
was determined by weighting the TPM 
values for each cigarette (24) by the frac¬ 
tion of tobacco consumed, and adding 
the results to obtain M » 411 mg [TPM 
i% emitted from cigarettes at a linear rate 
after the fourth puff (25)). 

Figure 2 shows the growth against 
time of RSP from the cigarette smoke. 
The data points are corrected for back¬ 
ground RSP levels and are 2-minute av¬ 
erages. A regression analysis using Eq. I 
yields A m » 1947 jAg/m 1 and r « 14 min¬ 
utes. with a coefficient of determination 
• .964 (from Eq. 2, r g • 19.5 minutes). 
Finally, C t , or the total amount of RSP 
liberated in the room during the entire 
smoking period, 772 mg, is calculated by 
using Eq. I; CY/Af ■ 1*5. This ratio 
represents a weighted average for six dif¬ 
ferent brands of filter cigarettes that to¬ 
gether commanded a 23 percent share of 
the market in 1976 (26). 

From the goodness of fit of the theory 
to the data and from the observation of 
predicted interactive behavior among 
mixing, growth, and decay processes for 
RSP from cigarette smoke, it appears 
that all the room-specific factors af¬ 
fecting the removal of tobacco smoke 
(ventilation^ decay, and mixing) can be 
combined into a single time constant r, 
which can be determined for any room 
by regression analysis of the decay or 
growth-aquilsbrium curves, or by calcu¬ 
lation from the equilibrium concentra¬ 
tion if the smoke generation rate and 
room volume arc known. The ratio of the 
slopes of the decay curves for ideal and 
natural mixing yields the mixing factor. 
We conclude that Eq. 1 » a useful tool 
for predicting the levels of tobacco 
smoke in both ventilated and unvemi- 
lated occupied space. 


FMd Survey ef RSP 

We now address the complex problem 
of surveying the levels of RSP indoors 
and determining what portion of this 
aerosol may be attributed to cigarette 
smoke by means of Eq, 1. The problem 
is complicated by differences in smoking 
rates, numbers of smokers, room vol- 


w-.es. effective ventilation rates, and the 
TPM values of various brands of ciga¬ 
rettes. The problem may be simplified by 
assuming that smoking is a random pro¬ 
cess when it occurs among large groups 
of people; It follows that cigarette smoke 
RSP values may be treated as equilibri¬ 
um values; that all of the smokers may 
be treated as habitual smokers who 
smoke identical average-tar cigarettes in 
the same way at the tame average rate, 
uniformly distributed over a 16-hour 
day. An average smoking rate t of two 
cigarettes per hour is calculated from the 
1975 figures for the number of U.S. 
smokers and the U.S. domestic cigarette 
consumption (g). In 197S, the sales- 
weighted average mainstream TPM val¬ 
ue A/* was 17:6 mg for all the cigarettes 
sold in the United States (7). The esti¬ 
mated emission rate C§ (combined side- 
stream plus exhaled mainstream TPM) 
from a habitual smoker is given by 
£ » 1.85 rAf. » 65 mg'hour. where 1.85, 
used for the ratio C # /Af g , it taken from 
the conference room experiment. Phys¬ 
ically observable in any field survey of 
smoking is a,, the number of burning 
cigarettes (the number of "active" 
smokers); a, can be related to the num¬ 
ber of habitual smokers a* by consid¬ 
ering that the average time for smoking a 
cigarette is 10 minutes (2. 6). This num¬ 
ber and the previously calculated aver¬ 
age smoking rate indicate that a*, « 3n f . 
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F* 2. Theoretical predictions versus experi¬ 
mental results for the attainment of equilibri¬ 
um A m for the combined emission of side- 
stream and exhaled mainstream cigarette 
smoke from four c hain, s m oker* in a Ifll-m* 
conference room with wen-mixed {m - t) 
ventilation in a modem office building Under 
natural mixing conditions, about It habitual 
smokers would generate an equivalent equili¬ 
brated concentration of smoke. This many 
smokers would be expected m a group of 33 
adults (weM within the capacity of this 30-per¬ 
son conference room). 
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From the equilibrated form of Eq. we 
determine that 

R rn A" - « 0 & < 4 ) 

where B it the smoker-generated equilib¬ 
rium RSP level in micrograms per cubic 
meter, D % is the density of active 
smokers (number per 100 re 9 ), and C, is 
the effective rate forthe removal of ciga¬ 
rette aerosol (air changes per hour), with 
C. - 60/r. 

The aerosol sampling described in this 
article was performed from late March 
through early June 1971 in the Washing¬ 
ton. D C , metropolitan area. The MMD 
(seasonal average) of the outdoor urban 
aerosol for Washington in 1970 was 0,3 
Mm, with 90 percent of the aerosol mass 
less than 3 Mm in aerodynamic diameter 
and lognormally distributed Q7 ). 

it is important to note that all of the 
RSPmeasurements we report represent 
time-averaged values. 

Factors other than tobacco smoke 
may contribute to indoor RSP. These in¬ 
clude infiltration of outdoor RSP, cook¬ 
ing, dust raised by indoor traffic, and in¬ 
dustry. By restricting the sampling to 
nonindustrial 1 indoor locations where to¬ 
bacco smoking is absent. the effect of the 
remaining variables may be assessed' 
Table 3 gives the RSP levels for several 
indoor spaces in which smoking did not 
take place: three restaurants, four pri¬ 
vate residences, an office building con¬ 
ference room, two libraries, and' a 
church during services. The mean of 
these measurements is 40 M*'m -. In three 
instances, fans were mixing the air at a 
high rate and RSP levels were elevated, 
apparently because of dust entrainment. 
No correlation between the volumetric 
density of people (occupancy) and RSP 
is evident. HeroperJy (78), in sampling 
RSP in Houston, found similar RSP lev- 
els in two schools, a library, and a muse¬ 
um—all nonsmoking areas. 

Table 4 gives the results of RSP sam¬ 
pling in nonsmokers* automobiles travel¬ 
ing along two major commuter highways 
(Route 50 in Maryland and U.S. 1-293 in 
Washington) during the rush hour. The 
samples were taken on different days and 
were measured m different vehicles. In 
all cases, the windows were slightly open 
and the ventilation fans were running. 
The mean of the data, 38 Mg/m*, is not 
very different from the mean of the in¬ 
door readings, 40 Mft'm* (Table 3). 

The impact of actual ventilation prac¬ 
tice on ambient RSP levels from smoking 
was investigated at eight restaurants, 
three cocktail lounges, two bingo games, 
a dinner-dance, a bowling alky, a sports 
us 


Tabk 4. Levels of RSP ia aonamoken* cart 
during rush-hour traffic on a busy commuter 
highway in Washington. D C, measured with 
the vehicles’ windows slightly open and the 
ventilation fans running Each car carried four 
persons and had a volume of 2 m 1 , ao that the 
occupancy was equal to 200 persons per 100 


Date 

Time 

Sampling 

time 

(min) 

RSP 

level 

(Mff'm*) 

23 March 

a.m. 

10 

40 

23 March 

p.m. 

35 

20 

24 March 

a.m. 

20 

54 

28 March 

a.». 

26 

49 

It March 

a.m. 

8 

25 

Maait a standard error 

38 i 15 


artna. and a hospital emergency waiting 
room. For contrast; one unventilated pri¬ 
vate residence was sampled during a 
cocktail party; With the exception of the 
hospital waiting room and the hotel bar, 
each space sampled represented the ma¬ 
jor part of the building and was subject to 
ventilation requirements specified by 
building codes. Sampling was generally 
performed well after opening time to en¬ 
sure that an approximately steady-state 
level of smoking had been reached. 
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Fig. 3. Results of a field survey of shon-term 
time-averaged levels of RSP m 31 enclosed 
•paces (see Tables 3, 4 and 5). Levels corre¬ 
sponding to federal standards for TSP are in¬ 
dicated for comparison only. The micro- 
environmenu include ten restaurants, three 
cocktail lounges, two bingo games, a dinner- 
dance halt, a bowling alley, a sports arena, 
two libraries, a church, a hospital waiting 
room, five vehicles, and five residences. The 
lettm A through S correspond to those given 
to Table 5. The effective air change rales for 
microenvironments A and $ are known from 
experiments to be C* • 1J and 9.2, respec¬ 
tively. 


The piezobalance and a stopwatch 
were used to take tabletop-level RSP 
samples for periods ranging from 10 to 50 
minutes (mean, 20 minutes). The pi¬ 
ezobalance was equilibrated m advance 
to avoid errors due to changes in temper¬ 
ature or humidity. 

The room dimensions were estimated 
and the number of active smokers was 
sampled periodically throughout the 
measurement period and averaged. It 
was usually not possible to sample the 
premises when there was no smoking; in 
most cases* the RSP outside the prem¬ 
ises was sampled for comparison. Table 
5 gives the results of the measurements. 
Figure 3 shows the average density of ac¬ 
tive smokers (defined as the number of 
burning cigarettes per 100 m*) plotted 
against the total indoor RSP sampled. As 
a guide to whether a given datum is 
“high" or “low;” the National Ambient 
Air Quality Standards (NAAQS) for total 
suspended particulates (TSP) arc also 
shown. Since a specific averaging time is 
incorporated into these standards, viola¬ 
tion of the standard is not demonstrated 
here. However, repeated exposure to 
such elevated i levels can lead to “viola¬ 
tion" of the annual standards, as will be 
shown later. Note that all the data for fi¬ 
nite smoker density exceeded the level 
of the annua) primary (health-related) 
NAAQS, whereas none of the data for 
zero smoker density exceeded this level. 
Further, the background RSP measured 
outside the smoking premises suggests 
that the source of these elevated levels 
was not the outdoor air. The mean and 
the standard deviation for the outdoor 
RSP are 46 ± 13 ms^ 1 ’ end in every 
case the outdoor level is less than the in¬ 
door. In certain cases, indoor controls 
art available. In bingo game 2, held in 
the nave of a church, the active smoker 
density was 0.47 per 100 m\ the occu¬ 
pancy was 3.6 persons per 100 m\ and 
the RSPdeiwrty was 279 Mg/m* (Table 5L 
By contrast, during the tobacco smoke- 
free religious services, despite an occu¬ 
pancy of 7.0 persons per 100 m 1 .30 burn¬ 
ing votive candles, and several proces¬ 
sions, the RSP density was 30 Mff'm*. 
The elevated RSP levels in the bingo 
fuse clearly appear to be due to smok¬ 
ing. Similarly, measurements taken in 
live nonsmoking section of a sandwich 
restaurant showed considerably lower 
levels than m the smo kipa section, in¬ 
dicating that the contribution of smoking 
to RSP was much larger than the effect of 
cooking, even at the low cigarette den¬ 
sities shown (Table 3). Figure 3 shows 
that, in general, RSP levels increase with 
active smoker density, although there is 
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considerable scatter in the data, 
question now is whether Eq. ) is useful 
in explaining this scatter. 

We hypothesize that the levels of RSP 
for finite D t (Fig. 3) arc due to near-equi¬ 
librium levels of cigarette smoke adding 
to much smaller background levels, and 
that the scatter in the RSP levels for 
fixed cigarette density is due primarily to 
differences in the mean ventilation time 
t. Analyzing the background corrected 
dau given in Table 5* we use Eq, 4 to 
calculate a range for C* between 1.2 and 
10.7 air changes per hour; C % is used in¬ 
stead of r to facilitate comparison with 
building code-specified ventilation rates. 
The range determined for C, is consist¬ 
ent with two known values of C, derived 
from the cocktail party and roadside res¬ 
taurant experiments (Tabic 5). 

The C. for tobacco aerosol is affected 
by the rate of mechanical ventilation and 
infiltration , the rate of smoke adsorption; 
and mixing, The range of mechanical 
ventilation and infiltration can be calcu¬ 
lated from tables of standards deter¬ 


mined by the American Society of Heat¬ 
ing. Refrigerating, and Air Conditioning 
EngineersXASHRAE) (29)» the authority 
specified by the local building code 00). 
For each premise listed in Table 5, the 
recommended maximum number of out¬ 
door air changes per hour (based on the 
estimated floor area, maximum occupan¬ 
cy, and volume) was calculated from the 
ASMRAE tables; a two-thirds recircula¬ 
tion of air (the maximum permitted by 
ASHRAE) was assumed. This yielded a 
range of 0.7 to 9.4 air changes per hour. 
Infiltration; resulting mainly from the 
opening of doors; was estimated from 
the actual occupancy during the sam¬ 
pling (29); we assumed a 100 percent 
turnover of occupants per hour This 
was added to the calculated mechanical 
ventilation rates, giving a final estimated 
range of 1J s C, s 13.4 air changes per 
hour, where C » 60/r*. 

The practical range of physical decay 
from adsorption for cigarette aerosol can 
be computed from our experiments and 
the literature. Most establishments pos- 


is simple filters that are relatively inef¬ 
fective at removing tobacco smoke 02). 
The shortest ideal decay time measured j 
(in experiment II was equivalent to six 
air changes per hour (Table 2). By con¬ 
trast, Penkala and DeOlivicra (/5) mea¬ 
sured a mean life for tobacco smoke, un¬ 
der uniform mining in a chamber with 
unreactive walls, equivalent to one air 
change per hour,. These two extremes 
given an estimated range of I s C« s 6 
air changes per hour for RSP from to¬ 
bacco smoke, where C* » 60/r s . 

The range of mixing m appropriate for 
the spaces listed in Table 5 is 1/4 
s m s 1/2, as determined from Table 1. 
By using Eq. 2, a theoretical range of 
mean air change rates, 1/2 s CVr* s 10 
air changes per hour, ts calculated from 
the estimated ranges for C r , C«, and m. 
This is consistent with the 1 to 11 air 
changes per hour determined with our 
model from the experimental results. In 
other words, the variations in the ob¬ 
served RSP density for fixed cigarette 
density can be phenomenologically ac- 


Table 5- Field survey of indoor RSP sampled in (he presence of smoking. Where the standard deviation is given, the value is an average of 2- 
minute samples, where it is not given; the sampling time is the averaging time. 



Locale 

Esti¬ 

mated 

volume 

(m 5 > 

Aver¬ 

se 

num¬ 

ber 

of 

smok¬ 

ers 

Indoor 

um- 

plmi 

time 

(mini 

Aver- 

*8« 

occu¬ 
pancy 
(per¬ 
sons 1 

Active 

smoker 

density 

100 m* 

Indoor 

RSP 

Oig'm 1 )! 

Out¬ 

door 

RSP 

l^f/m*) 

Out¬ 

door 

sam- 

pling 

time 

(min) 

Occu¬ 

pants 

smok* 

mg 

m 

Date 

Time 

A. 

Cocktail party* 

268 

2 

13 

14 

0.75 

3 51 e 38 



14 

8 April 

9:00 pm. 

B. 

Lodge hall 

l.tu 

40* 

30 

330 

1.26 

697 s 28 

60 

6 

lit 

31 March 

11:00 p.m. 

C 

Bar and grill 

507 

9 

18 

73 

1.78 

589 2 28 

63 

6 

12 

21 March 

8:00 p.m* 

D 

Firehouse bmgo 

341 

10.3 

16 

125 

2.77 

41 J s 63 

5)1 

15 

14 

27 March 

10:00 p.m. 

E 

Pizzeria 

170 

3 

32 

50 

2.94 

414 s St 

40 

5 

10 

14 April 

8:00 pm. 

F. 

Bar'cocktail lounge 

216 

7 

26 

S3 

324 

334 2 120 

50 

5 

13 

23 March 

10:00 p.m. 

G 

Church 













Bingo game 

4.224 

20 

8 

150 

047 

2792 11 



13 

31 March 

10:00 p.m: 


Sunday service 

4.224 

0 

31 

300 

0 

30 



0 

13 May 

11:00 a.m. 

H 

Inn 

338 

2.5 

12 

70 

0.74 

239 s 9 

22 

10 

3.3 

23 March 

100 pm. 

1 . 

Bowling alley 

*18 

14 

20 

128 

1.53 

202 2 19 

49 

5 

11 

23 March 

800 p.m. 

J. 

Hospital waiting room 

93 

2 

12 

19 

2.13 

117 s 52 

38 

6 

11! 

28 March 

10:30 p.m. 

K 

Shopping plaza 













restaurant 













Sample 1 

1369 

2.3 

IB 

93 

018 

153 2 8 

39 

5 

2.6 

24 March 

7:30 p:m. 


Sample! 

1.369 

23 

18 

so 

0.18 

163 2 4 

36 

10 

5 

24 March 

9:30 p.m. 

L. 

Barbeque restaurant 

223 

2 

10 

23 

0.89 

136 s 17 



8 

24 March 

9:00 p.m. 

M 

Sandwich restaurant A 













Smoking section 

781 

2.23 

20 

30 

029 

110 2 36 

40 

5 

7.3 

25 March 

8:00 p.m. 


Nonsmoking section 

326 

0 

20 

40 

0 

33 2 5 

40 

3 

0 

25 March 

7:30 p.m. 

N. 

Fast-food restaurant 













Sample 1 

360 

1.3 

40 

30 

0.42 

109 2 38 



5 

26 March 

2:00 p.m. 


Sample! 

360 

0 

7 

30 

0 

30 



0 

26 March 

1:30 pm. 

O. 

Sports arena 

823.000 

739* 

12 

6.7008 

0.09 

94 2 13 

24 

5 

lit 

29 March 

1000 p.m. 

P 

Neighborhood 

230 

1 

12 

33 

0.40 

93 2 17 



2.9 

25 March 

8:30 p.m. 


resuurmm/bar 












Q 

Hotel bar 

169 

1 

12 

25 

0.59 

93 2 2 



8 


2:30 p.m. 

R 

Sandwich restaurant B 













Smoking section 

781 

1 

8 

30 

0 13 

86 2 7 

55 

5 

JJ -14 A&rit 

11:00 am. 


Nonsmoking section 

326 

0 

21 

30 

0 

31 

35 

5 

0 

14 April 

1:30 p.m. 

S 

Roadside restaurant 













Sample 1 

90 

1 

It 

5 

1.12 

I07| 



20 

29 March 

3f00p.m. 


Sample 2: 

90 

0 

2 

3 

0 

30 



0 

29 March 

3:00 p.m. 


•Oaly the cocktail party m*croeavraairat was aavenUiased. tEiiauud. Sw tf/K SHid attendance. ICnlnilaud. aquibbrwa value. 
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counted for by ventilation, recirculation, 
infiltration, decay, mixing, and average 
smoking behavior. We conclude that the 
finite D % RSP levels shown in Fig 3 art 
indeed generated primarily by cigarette 
imokr and that this is consistent with 
the predictions of our model 


The Range of Public Exposure 

We can now mode! the full range of ex* 
posure of the nonsmoking public to ciga^ 
rent smoke. Equation 4 may be rewrit* 
ten as 

K - 25.6 £ (5) 

where /Vis the occupancy (persons per 
1000 square feel). (The volumetric mea- 
sure is implicit, assuming a tO^foot ceil¬ 
ing.) The P. is three times the density of 
habitual smokers Au and nine times the 
density of active smokers A 0/1 A fam¬ 
ily of RSP curves is generated from Eq. 5 
by varying C* and P, over their ranges. 
Representative samples of this family are 
plotted m Fig. 4. A lower limit for C* of 
about one-half to one mean air change 
per hour has been determined experi¬ 
mentally and theoretically for removal of 
cigarette aerosol from private dwellings 
ventilated by infiltration and from com¬ 
mercial establishments whose mechani¬ 
cal ventilation is poor. A realistic upper 
bound for C, may be obtained from the 
wen-ventilated environment of the com¬ 
mercial airliner. A mechanical (design) 
ventilation rate of 15 to 20 air changes 
per hour with no recirculation is typical 
of the Boeing 707 02). The best ideal 
decay rate measured in the experiments 
was six air changes per hour. Assuming a 
mixing factor of unity, we calculate an 
upper limit for C* of 26 air changes per 
hour. The practical range for P* is ob¬ 
tained from the ASHRAE 09), which 
specifics mechanical ventilation rates for 
typical average occupancies m various 
structures. For commercial structures, 
these densities (in persons per 1000 
square feet) range from 10 for genera) of¬ 
fice space to 70 for dining rooms to 150 
for such places as stand-up bars, audito¬ 
riums, arenas, and commercial aircraft; 
The design ventilation rate C 9 it typically 
determined from both the design occu¬ 
pancy and the intended use of the struc¬ 
ture. For example, 15 to 25 cubic feet per 
minute per occupant is specified for gen¬ 
eral office space, 10 to 20 for dining 
rooms, and 30 to 40 for cocktail lounges. 
In 1975, ASHRAE Standard 90-75. ” En¬ 
ergy conservation in new building de¬ 
sign,** decreased these rates by factors 

470 


Of one-half to one-third. ASHRAE Stan¬ 
dard 62-73 is currently being revised to 
specify higher rates of ventilation for 
premises in which smoking is permitted. 
How effective would increases in C* be 
m lowering the levels of RSP from to¬ 
bacco smoke? Equation 5 shows that 
such levels decrease only exponentially 
with increasing C t . Furthermore, as Ka- 
lika ft at * 02) observed, “the current 
practice of recirculation or reuse of air is 
largely dictated by the economics of 
beating and cooling, with little regard for 
changes m indoor air quality.** That is, 
ventilation may be subject to arbitrary 
reduction by building management or by 
legislative or bureaucratic fiat; in many 
oonurbanized areas, ft may not even be 
regulated by building codes 04), 

Figure 4 illustrates the estimated range 
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Fig 4: Theoretical steady-state density of re* 
pirabte pankulates from env ir o n m en tal ciga¬ 
rette smoke in habitable indoor spaces, as re¬ 
lated to the design occupancy On the aver¬ 
age; one-third of adults are habitual smokers; 
for every three such smokers, we calculate 
that an avenge of one cigarette bums con¬ 
stantly throughout a 14-hour day. According 
to standard engineering criteria 09). occupan¬ 
cy and the type of micro e nv i r on ment deter- 
mine the design rate of mechanical ventilation 
C,. The effective air change rate {CJ for the 
removal of tobacco aerosol from room tetcrit 
on is determined by C,. by mixing, and by the 
rue of adsorption of tobacco particles oo 
room surfaces. Generally C« and hence C« in¬ 
crease with A. (Typical (is persons per 
1000 squirt feet) ranges from 10 for office 
buddingt to 70 for restaurants to 150 for bars, 
sports arenas, and aircraft 09, 32)4 We esti¬ 
mate the practical range of C* to be from 1 to 
12 air changes per hour. It appears that over 
the combined practical ranges of P 4 and C». 
repeated exposure to tobacco smoke can lead 
to annual RSP burdens that violate the primer 
ry annual NAAQS. 


^ exposure of the nonsmoking public to 
RSP from cigarette smoke. The actual 
dose of RSP is clearly a function of per¬ 
sonal activity patterns; differences in 
respiration rate alio affect the dose. 
Many different scenarios can be imag¬ 
ined. In the following, we express a 
range of RSP burdens from the cigarette 
aerosol relative to a typical RSP ambient 
background level. For an air shed (air 
quality control region) that is in com¬ 
pliance with the annual secondary (pub¬ 
lic welfare) NAAQS for TSP of 60 Mg/m\ 
the RSP fraction of the ambient aerosol 
is conservatively estimated at 50 pgfat* 
and is likely to be composed largely of 
combustion-produced sulfates 05). 
Since the particle size distributions of 
this fraction and the cigarette aerosol are 
both in the respirable range, we first 
compare them on a mass basis, without 
regard for differences in the chemical 
composition of each. 

Let A, B, C, and D be nonsmokers 
who dwell in the same air shed and who 
breathe at the average rate of 20 mVdsy. 
All have different occupations and life¬ 
styles that lead, as we shall see, to 
dramatically different RSP burdens. 

Nonsmoker A is a mailman who walks 
a regular route and is able to live in a 
completely tobacco smoke-fret environ¬ 
ment. He is exposed only to the back¬ 
ground ambient and therefore inhales 
365 mg of RSP annually . 

Nonsmoker B is an office worker who 
works a 40-hour week 50 weeks per year 
m a 40-m’ office with two other persons, 
one of whom is a habitual smoker. Re¬ 
placing D» in Eq. 4 with /V3. we find 
that B*s mass RSP exposure is more than 
three times that of A (we calculate an ex¬ 
pected C* of: 1,1 for office buildings). 

Nonsmoker C is a musician who enter¬ 
tains in a popular, poorly ventilated 
nightclub I hours nightly, 5 nights per 
week, 50 weeks per year. Tbc average F* 
in the club is 100 persons per 1000 square 
feet (about 33 smokers). Further, C 
shares a 100-m* apartment with a room¬ 
mate who is a chain smoker C is ex¬ 
posed to the roommate*! smoke 3 hours 
per day, 7 days per week, annually. By 
using Eqs. 4 and 5 and a C* of one air 
change per hour, we find that C's mass 
RSP burden is more than 15 times that of 
A. 

An alternative way of approaching the 
excess RSP e xposure is in terms of ciga¬ 
rette equivalents! Yne cigarette with the 
least tar in the May 1978 FTC scale has 
0.55 mg of TPM' In these terms, R’s ex¬ 
cess RSP burden is equivalent to 5 ciga¬ 
rettes per day and C*s burden to 27 ciga¬ 
rettes per day. However, this may un* 
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derestimate the true impact, tine* n u 
nonsmokers have greater sensitivity to 
smoke than smokers (7). 

Nonsmoker D is a flight attendant who 
spends 40 hours per week. 50 weeks per 
year on board a commercial airliner with 
a C r of 23 air changes per hour. The av- 
erage P» on the plane is 150 persons per 
1000 square feet. D's RSP burden is 
nearly twice that of A. Even with one of 
the best ventilation systems in use, the 
high density of smokers causes a sub¬ 
stantia} increase in mass RSP inhaled by 
D 

The following three considerations 
may help to place these scenarios into 
perspective. First, an annual exposure 
1.5 times that of A is sufficient to exceed 
the primary annual NAAQS; the ex¬ 
posure of D, B. and C to RSP all violate 
the standard by factors of 1.2,2: and 10, 
respectively. Second, pulmonary clearr 
ance studies show that the half-life of in¬ 
ert respirable panicles (2.8 Mm in MMD) 
in the lungs of nonsmokers is ^ 70 days 
06): residence of RSP in the lungs is pro¬ 
longed. Third, in a series of pulmonary 
lavage studies on 400 nonrandomly se¬ 
lected volunteers (230 nonsmokers and 
150 smokers) 07), two of the non- 
smokers had tarry lavage fluids with pig¬ 
mented pulmonary alveolar macro¬ 
phages strikingly similar to those found 
in smokers. In these two volunteers, the 
levels of aryl hydrocarbon hydroxylase, 
an inducible carcinogen-detoxifying pul¬ 
monary enzyme, were intermediate in 
value between the levels found in 
smokers and most nonsmokers. These 
findings were attributed to the effects of 
exposure to tobacco smoke 08). 


Health Policy Implications 


There is good toxicologic evidence 
that elevated levels of particulates in out¬ 
door air. perhaps in combination with, 
other pollutants, cause illness and death 
during air pollution episodes (paniculate 
levels in excess of 1000 ng/m 1 per 24 
hours). There is much epidemiologic evi¬ 
dence, some of it conflicting, that lower 
levels of particulates, perhaps in combi¬ 
nation with other pollutants, affect rev 
piratory health adversely when exposure 
to them is sustained 09). (This evidence 
has been used to establish the thresholds 
for harm on which the primary annual 
NAAQS for TSP is based.) There is ex¬ 
cellent toxicologic evidence that main¬ 
stream cigarette smoke causes chronic 
obstructive pulmonary disease (7. 40). 
Epidemiological evidence, some of it 
conflicting, indicates that exposure to to¬ 


bacco smoke in the home affects respira¬ 
tory health adversely (7. 41). Finally, 
there is excellent evidence that main¬ 
stream cigarette smoke causes cancer in 
many organs (7). Sidestream smoke is 
chemically identical to mainstream 
smoke, and typically H more concen¬ 
trated (?); Coke-oven emissions, which 
chemically are similar to tobacco smoke, 
are associated with increased rates of 
many forms of cancer m coke-oven 
workers 02). Animal studies demon¬ 
strate that the particulate phase of to¬ 
bacco smoke contains numerous potent 
carcinogens and tumor promoters, initia¬ 
tors, and accelerators (7). One of these, 
bcnzo(u]pyrtne, was detected at a con¬ 
centration of 40 parts per million m am¬ 
bient tobacco smoke (/!), Strong evi¬ 
dence suppons a correlation between the 
magnitude of long-term exposure to car¬ 
cinogens and the incidence of cancer 
03). Therefore, given the efforts by pub¬ 
lic health authorities to eliminate in¬ 
voluntary public exposure to saccharin 
and the fire retardant Tris—which have, 
respectively, one fifty thousandth and 
one-tenth the experimental carcinogenic 
potency of benzolJpyrene alone {44. 
45)f-similar efforts to prevent in¬ 
voluntary exposure to ambient tobacco 
smoke (46) appear justified. 


Conclusions 


We have defined the probable range of 
exposure of the nonsmoking public to a 
common pathological aerosol, cigarette 
smoke. We showed, both experimentally 
and theoretically, that under the practi¬ 
cal range of ventilation conditions and 
building occupation densities, the RSP 
levels generated by smokers overwhelm 
the effects of ventilation and inflict sig¬ 
nificant air pollution burdens on the pub¬ 
lic. Our observations show that levels of 
RSP in places where tobacco is smoked 
greatly exceed levels found in smoke- 
free environments, outdoors, and vehi¬ 
cles on busy commuter highways. Our 
experimental results are consistent with 
the large differences in 24-hour average 
RSP levels reported for smoking and 
nonsmoking homes in the Harvard Six- 
City Study (47), with a survey of short¬ 
term RSP levels in commercial and pub¬ 
lic buildings in Houston CM), and with 
other studies of tobacco-generated TSP 
(7. //«/J>. 

Attempts to reduce RSP levels from 
smoking by increasing the rate of me¬ 
chanical ventilation or the efficiency of 
filtration yield exponentially diminishing 
returns for linear increases in ventilation 


. igy (and cost). Moreover, efforts to 
conserve energy in buildings will de¬ 
crease ventilation rates (46); Therefore, 
increased ventilation does not appear to 
be a solution to the problem. Indoor air 
is a resource whose quality should be 
maintained at a high level. Smoking in¬ 
doors may be incompatible with this goal 
03.49). 

Further research is necessary to define 
the integrated! particulate exposure of 
various segments of the population; 
compliance with the NAAQS, as in¬ 
dicated by the establishment of outdoor 
TSP sampling stations, does not imply 
protection of the public from excessive 
RSP burdens. Repeated exposure to am¬ 
bient cigarette smoke imposes air pollu¬ 
tion burdens on nonsmokers that exceed 
the primary annua] NAAQS. It appears 
that the RSP burdens from ambient to¬ 
bacco smoke are so large that they must 
be incorporated explicitly in future epi¬ 
demiological assessments 00. 51) of the 
relation between paniculate levels and 
morbidity or mortality. 

The Clean Air Act of 1970 and its 
amendments mandate the control of pub¬ 
lic exposure to outdoor TSP. However, 
little legislative attention has been de¬ 
voted to the quality of indoor air—other 
than the passage of the Public Health 
Service Act of 1978, which provides for 
an ongoing study of the health costs of 
indoor air pollution. Clearly, indoor air 
pollution from tobacco smoke presents a 
serious risk to the health of nonsmokers. 
Since this risk is involuntary, it deserves 
as much attention as outdoor air pollu¬ 
tion. 

Note added in proof : A very recent ep¬ 
idemiological study concluded that longr 
term exposure to tobacco smoke, limited 
to the work environment only, is dele¬ 
terious to the nonsmoker and significant¬ 
ly reduces small^airway function to the 
same extent as smoking one to ten ciga¬ 
rettes per day. This is consistent with 
scenario B 02). ASHRAE Standard 62- 
73R % a proposed standard for ventilation 
required for minimum acceptable indoor 
air quality, has been published (see 29). 
Using data supplied in the standard, we 
calculate a C* of s 1.28 for office builds 
mgs where smoking is permitted. 
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ABSTRACT 

A survey^vas-performed 'in-offices''in*©ttswiiTThstsrio to estimate eon-smoker exposure^ 
to^environoentsl tobacco -smoke fc (ETS). ~ Portable air sampling systems vere used rtOy 
•■aple-‘^ir*olflcii* ,r tor^ w »iicot ? iBer' i ultraviolet part iculate . matter -(UVrPH, .van —£TB # 
indicator)/ and carbon monoxide (CO)• Mean concentrations^ofnicotine .and 17V-FM vere 
7*2, and 24 iig.nT 3 ,"respectively/ Exposure estimated ‘from mean nicotine'and 

-results^were 0.004 and 0_;001^cigarette equivalent per_hour, respec tively. ~ / 

• .... “ ** - 

INTRODUCTION p 

Two recently published reports (1,2) have concluded as a matter of public health 
policy that exposure to environmental tobacco smoke (ETS) is a health risk to 
non-smoking adults. These conclusions draw from epidemiological studies which 
attempt to determine the association between spousal smoking at home andl disease 
incidence. These studies rely primarily on respondent questionnaires to classify ETS 
exposure. Few data are available regarding measured ETS exposures either in or out 
of the home. Because quantification of ETS exposure by questionnaire is imprecise, 
direct measurements of ETS are necessary. This report 'presents results from a survey 
performed in Ottawa from 25 to 28 August 1967 where ETS exposure levels for 
non-smokers vere measured in offices, one indoor environmental category in which 
significant exposure might be expected to occur (3). 


Selection of Offices 


EXPERIMENTAL 


The primary criterion determining selection was that the office space to be sampled 
be shared by two or more persons of whom at least one smoked. None of the businesses 
involved in the survey had any type of mandated smoking policy. However, in some 
offices certain areas were recognised for smoking, either by agreement or habit. An 
independent organisation selected the offices for the survey. Candidate offices were 
contacted by telephone. The selection process also was directed by guidelines that 
were designed to vary the sample of offices with respect to: nature of business, age 
of building, number of floors in building, number of employees in offiCTend else of 
office space sampled. Additional criteria related to the availability of adequate 
sampling locations. Contacts at offices were given the freedom to designate the 
office space to be sampled in cases where more than one location in the office 
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meeting the selection criteria was available. Thirty-one offices were selected for 
the survey. 


Sampling Methods and Procedure 

Portable air sampling systems (PASS's) (4) were used for the measurements. The 
sampling procedures employed were designed to collect air samples for determining the 
concentrations of vapor phase nicotine, ultraviolet particulare matter (UV-PM), 
respirable suspended particles (RSP), and to monitor the concentration of carbon 
monoxide (CO) and the air temperature and barometric pressure. Sampling procedures 
utilised established personal exposure monitoring equipment and techniques that were 
designed to be unobtrusive. One set of measurements (nicotine, UV-PM, RSP, and CO) 
was collected as an area sample in each office. The duration of each sampling period 
was about 60 minutes, during which the PASS was not moved. 

The PASS is an area sampling device, powered by batteries and designed to appear as 
an ordinary briefcase. This desigp reduces the possibility that sampling will 
influence occupants' ordinary activities. During operation, the PASS remains closed 
and makes little noise. The briefcase's exterior has an on-off switch positioned 
under the handle and inlet and exhaust ports positioned diametrically at the corners. 
These items are brass and therefore match the briefcase's original hardware. 

The specific sampling location within each office was chosen to obtain a sample that 
vis representative of the air in the mixing tone of the room and! depended on the 
actual floor plan and furnishings. Guidelines for selecting sampling locations were 
dbrivedi from those described by Nagda and Rector (5). In general, PASS locations 
were: near the centers of occupied areas; at least two feet away from walls, floors, 
and ceilings; at positions not directly affected by direct ventilation sources such 
as doors or air vents; and at places allowing sampling to be as unobtrusive as 
possible. A typical location was on a table, desk, or filing cabinet near the center 
of the room. A previously identified contact person was the only one aware that air 
sampling was being performed. Sampling was conducted during regular office hours 
(£:00 a.m. to 5:00 p.m.). 

The PASS operator documented smoking activities by recording at five-minute intervals 
the number of cigarettes being smoked. The total number of cigarettes smoked was 
determined from these observations. Other recorded observations included the room 
size, PASS location, location of ventilation sources, and perceptions regarding the 
extent of air mixing and ventilation. When time permitted, outdoor CO concentrations 
were measured either immediately before or after collection of corresponding indoor 
samples. 

The method employed for sampling nicotine was based upon the method! used by the U.S. 
National Institute for Occupational Safety and Health (NIOSH!) (6) and has been 
described (7). Major components of the nicotine sampling system include s sorbent 
tube containing XAD-4 resin that is connected with rubber tubing to a constant-flow 
sampling pump operated at a nominal flow rate of 1 L.min - ^. Sorbent tubes extended 
two centimeters from the side of each briefcase; air samples were introduced directly 
into the tubes. Samples of particulate matter were collected with a system 
comprising an impactor separating at 3.5 microns (vm), a filter cassette containing a 
37-millimeter diameter 1.0 pm Fluoropore membrane filter, and a constant-flow 
sampling pump operated at a nominal flow rate of 2 l.tnin*!. The inlet to the filter 
cassette was located immediately downstream of the impactor. Pumps associated! with 
the nicotine and particulate matter sampling systems were obtained from SKC Inc., 
Eighty-four, PA. 

CO concentrations were measured by pulling air through an electrochemical detector at 
a nominal flow rate of 0.5 L.min* 1 . CO monitoring systems were develo ped by 
modifying commercially available, passive sensors to operate with sampling pumps. CO 
detectors (obtained from Neotronics, N.S., Gainesville, GA) were fitted with sampling 
lines and sampling pumps (obtained from Gilian, Inc., Wayne, NJ). The system also 
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included a voltage regulated power supply to the pump in ordter to maintain constant 
flow to the tensor. The detector was interfaced to a Mbdel 2IX data logger obtained 
from Campbell Scientific, Inc., Logan, UT. For use in the field, the data logger was 
programed to record data once per minute. Sampling times alto were recorded by the 
data logger, which it interfaced to the on-off twitch. Recorded data were 
transferred to personal computer for interpretation. 

Daily calibrations were performed on particulate matter and nicotine sampling pumps. 
Pump flow rates were measured with a primary standard (a bubble meter), then 
converted from actual to standard conditions of temperature and pressure (,25*C and 
760 torr). Pumps were adjusted when flow rates deviated more than I0X from 
respective nominal flow rates. Measured flow rates, as distinguished from nominal 
flow rates, were used for computing concentration results. 

A calibration curve was prepared for each CO analyser with certified atandards of 
CD in air contained in cylinders acquired from Scott Specialty Gases, Plumsteadville, 
PA. Concentrations of the standards were 0.9 and 40 ppm CO. The calibration curves 
were used! to adjust the CO measurements obtained during sampling. 


Analysis 

Nicotine was analyzed according to the method described! by Ogden et £1., (7). 

Nicotine collected on the XAD-4 resin was desorbed in 2 ml ethyl acetate containing 
0.0IX (v/v) triethy-lamina, which serves to neutralize acidic sites on analytical 
glassware surfaces. Analyses were performed with a Tracor Model 565 gas 
chromatograph equipped with a nitrogenrphosphorus detector. Chromatography was 
accomplished with a 30 m x 0.53 mm inside diameter, fused silica capillary column 
coated with a 1.5 micron film of DB^5 (5Z phenyl methyIpolysiloxane, obtained* from 
J & V Scientific, Inc., Folsom, CA). Quinoline (Aldrich Chemical Company, Milwaukee, 
WI) was employed as an internal standard. For each sample, the rear segment of XAD~4 
resin was analyzed separately in order to assess breakthrough, of which none was 
observed. Desorption efficiency was quantified according to the procedure contained! 
in the NIOSH method (6). Six blanks were analyzed in conjunction with the field 
samples. 

An attempt was made to quantify RSP according to the method described by .Conner et 
al., (8). Filters and samples were humidified at room temperature above a 502 
aqueous solution of ethylene glycol for at least 12 hours before initial or final 
weighing. Static charges were removed by holding filters and samples under an 
antistatic device (Sitaticmaster, Model No. 2V500, Nuclear Products Co., E! Monte,, CA) 
for at least one minute prior to each weighing. Weights were measured with a Cahn 21 
microgram balance* An antistatic dfcvice also was attached to one of the balance's 
interior walls.. Each gravimetric result was the mean of five separate weighings. 

UV-PM was quantified with the method described by Conner et al., (&)• This method 
utilizes the same samples as the method fox determining RSP. After RSP it measured, 
the sample is extracted with 4 ml methanol and a 50 yl aliquot is injected! into a 
columnless liquid chromatographic system equipped with an ultraviolet detector 
measuring sample absorbance at 325 nm. Masses of UV-PM are then interpreted with a 
standard calibration curve derived from known concentrations of ET5 generated in an 
environmental chamber (9). For the work reported here, methanolic solutions of 2,2', 
4,4' tetrahydtoxybenzophenone (Aldrich Chemical Company, Milwaukee, WI) were employed 
as secondary standards. Six blanks were analyzed for RSP and UV-PM iUTbhjunction 
with the field samples. Ingebrethsen et al., (10) have reported results from 

comparative evaluations performed in the environmental chamber that show the RSP and 
UV-PM methods are unbiased relative to piezoelectric balances. Ogden et aK, (11) 
have reported results of collaborative tests of the methods for determining nicotine, 
RSP, and UV-PM. 
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RESULTS 


Results from the survey ere presented in Table I* Cbncentrations of nicotine end 
UV-PM ere et standard conditions of tempereture end pressure (25 # C end 760 torr). 
The mean sampling time was 65 minw The tabulated carbon monoxide concentration 
differences, delta C0 f are computed relative to ambient concentrations bysubtracting 
outdoor measurements fro© corresponding indoor measurements* Nicotine was not 
detected! for samples 1, 14, and 26; the concentration 1imits shown for these samples 
are computed from respective volumetric data and the analytical limit of detection, 
0.1 pg. For eight sample locations, outdoor samples for carbon monoxide were not 
obtained; in the table these and the corresponding data entries are identified by NA, 
"not available**. 

Measurement results are summarised in Table II. The concentrations of nicotine, 
UV-PM, and CO represent the mean levels that non-smokers were exposed to in the II 
Ottawa offices. Statistically, the measurements^ are log-normally distributed and 
better represented by the geometric mean* For example 792 of the nicotine 
measurements were less than the arithmetic mean (12 wg.m~ 3 ) while 542 were lest than 
the geometric mean (7.2 pg.m* 3 ). This is also the case for the UV-PM measurements, 
with 812 less than the arithmetic mean (44 pg.nT 3 ) and 522 less than the geometric 
mean (24 pg.nT 3 ). The CO measurements also exhibit similar distributions. Note that 
those measurements below limits of detection were excluded from the statistical 
calculations for all cases (nicotine, UV-PM, and CO). 

Six blank tubes and filters were analysed for nicotine and UV-PM along with other 
samples* These blanks were carried into the field and handled in the same manneT as 
the other samples with the exception that no air was pulled through them* No 
nicotine was measured in any of the blank XAD-4 tubes at the deteetioni limit of the 
method (0.1 pg). The average background value in the blank particulate filters 
1.5 pg) was used to adjust, or “blank correct* 1 , the UV-PM sample values. 

RSP values generated from this survey are not reported. Absolute weights of 
particulate matter samples collected on the filters were near the detection limit of 
the method as estimated from the variation of the weights of the filter blanks. The 
result of this was that individual RSP sample differences could! not be quantitatively 
determined. With the sampling and analytical techniques used, it would have been 
necessary to sample longer than 60 minutes to collect enough particulate matter to 
measure RSP quantitatively. 


DISCUSSION 


Exposures represented by the measured concentrations of nictoine and UV-PM may be 
placed in perspective by presenting them in terms of cigarette equivalents. This 
type of interpretation has been used by other researchers for nicotine and other 
tobacco smoke components as markers for ETS (12,13,14). As ueedi here, this measure 
is intended! strictly as an estimate of exposure as distinguished from dose. Assumed 
for the calculations are a breathing rate of 8.6 1 .min" 1 and a cigarette delivering 
0.96 mg nicotine and 12.2 mg “tar*'. The breathing rate corresponds to that 
associated with "miscellaneous office work" (15). The nicotine and "tar" values are 
sales weighted averages for cigarettes told in Canada in 1986 (16). Also assumed for 
the calculations is the equivalence of UV-PM and "tar"! Results from these 
calculations are presented in Table 111. Based on the results of this survey, the 
average office worker was exposed to (K0039 cigarette equivalent per hour (using 
nicotine as a marker) 0.0010 cigarette equivalent per hour (using UV-PM as a marker). 
Put another way, the time for exposure to one cigarette equivalent would have been 
260 hours (using nicotine) or 1000 hours (using UV-PM). 


The nicotine concentration results are comparable to results reported! previously. 
(Sterling et aK, (17) have reviewed the literature relative to ETS measurements up 
to 1961). Huramatsu et *1., (18) used personal sampling techniques involving 
silicone OV-17 as the sorbent medium. These researchers collected samples in three 
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TABLE I 


RESULTS OF NICOTINE, ULTRAVIOLET PARTICULATE 
MATTER, AND CARBON MONOXIDE MEASUREMENTS 
IN OTTAWA OFFICES (AUG. 25 - 28, 1987) 


SAMPLE 

NUMBER 


SAMPLING 

TIME 

(MIN) 


NO. OF 
CIGARETTES 
SMOKED 


NICOTINE 
C0NC. 
tip n"3 


UV-PM 

CONC. 


CARBON MONOXIDE CONCENTRATION 

(ppo) 


INDOOR 


OUTDOOR 


] 

85 

1 

<1.2 

9 

<0.1 

0.5 

-0.5 

2 

78 

6 

7.8 

20 

1.7 

0.4 

1.3 

3 

62 

3 

5.6 

25 

0.6 

1.6 

-1.0 

4 

60 

4 

4.6 

21 

<0;1 

<0.1 

0.0 

5 

74 

1 

1.7 

7 

0.6 

0.1 

0.5 

6 

61 

2 

9.1 

24 

1.2 

NA 

NA 

7 

73 

1 

4.1 

22 

3.1 

3.0 

0.1 

8 

64 

4 

8.2 

15 

1.1 

0.7 

0.5 

9 

80 

4 

7.4 

14 

1.1 

4.0 

-2.9 

10*> 

60 

5 

69.7 

104 

3.4 

0.4 

3.0 

11 

56 

1 

2.4 

26 

0.4 

0.5 

-o.i • 

12 

62 

9 

7.9 

25 

2.0 

5.8 

*3:8 * 

13 

84 

2 

1.7 

14 

0.7 

<0.1 

0.7 

14 

61 

1 

<1.6 

12 

1.4 

NA 

NA 

15 

61 

4 

4.1 

6 

1.8 

NA 

NA 

16 

65 

2 

3.7 

15 

0.9 

5.3 

-4.3 

17 

61 

3 

13.4 

45 

0.1 

0.4 

-0.3 

18 

60 

2 

11.1 

30 

<0.1 

0.2 

-0.2 

19 

53 

2 

2.0 

7 

0i2 

1.4 

-1.2 

20 c 

58 

7 

21.7 

44 

4.9 

1.1 „ 

3.8 

21 

60 

2 

4.9 

12 

0.5 

NA 

HA 

22 

74 

2 

6.7 

77 

1.7 

NA 

NA 

23 

63 

1 

6.3 

33 

2.5 

NA 

NA 

24 

59 

16 

3.1 

12 

0.4 

NA 

NA 

25 

71 

6 

4.8 

18 

1.3 

2.4 

-1.1 

26 

59 

3 

30.5 

31 

2.6 

3.4 

-0.7 

27 

61 

5 

7.2 

34 

2.5 

2.8 

-0.3 

28 

57 

1 

<1.7 

7 

0.8 

2.4 

-1.6 

29 

61 

3 

8.2 

51 

1.6 

NA 

NA 

30 d 

67 

31 

58.3 . 

426 

8.7 

2.0 

6.6 

31 

60 

7 

19.2 

186 

6.6 

1.6 

5.0 


U) INDOOR-OUTDOOR "- 

(b) SMALL OFFICE; OCCUPIED BY 2 SMOKERS 

(c) NEAR SMOKERS "BREAK" AREA 

(d) OFFICE OCCUPIED BY 3 SMOKERS; NIMBER OF CIGARETTES INCLUDES ADJACBN¥~OFFICES 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 





Table II. Descriptive Statistics for Nicotine, Ultraviolet Particulate 
Matter, and Carbon Monoxide Measurements 



NICOTINE 
(pg m~ 3 ) 

UV-PM 
(jig *“3) 

CARBON MONOXIDE CONCENTRATION 
(ppm) 

INDOOR OUTDOOR DELTA 

Mean (arith.) 

12.0 

44 

1.9 

1.9 

0.2 

Mean (geo.) 

7.2 

24 

1.3 

1.2 

NA 

Min. 

<1.2 

6 

<0.1 

<0.1 

-4.3 

Max. 

69.7 

426 

8.7 

5.8 

6.6 

N . 

28 

31 

28 

21 

19 


Table III. Descriptive 
Nicotine and 

Statistics for ETS Exposure 
UV-PM Measurements 

Estimated from 


EXPOSURE (CIGARETTE EQUIVALENTS PER BOUR) 


NICOTINE 

UV-PM 

Mean (geo.) 

0.0039 

0.0010 

Mean (arith.) 

0.0064 

0.0019 

Minimum 

Oi0009 

0.0002 

Maximum 

0.038 

0.018 

N 

28 

31 


p‘ 
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offices in Japan and reported average concentrations ranging from 5.9 to 19.6 yg.nT^. 
Oldaker et al.. (19) measured nicotine with PASS’S in 47 offices in New York City and 
found that the concentrations were distributed log-normally ranging from 1.0 to 
16.3 yg.m~3 with a geometric mean of 4.3 yg.mT^. Hammond et al. , (20), employing 
filters impregnated with sodium bisulfite to collect persona) nicotine samples, 
reported nicotine concentrations ranging from 3.1 to 28.2 yg.m*^ for four non-smoking 
office workers. 

UV-PM results are consistent with results found in a 1986 survey conducted in New 
York City (19). Accordingly, for that survey concentrations in 47 offices ranged 
from 17 to 238 yg.flT^ with a geometric mean of 36 yg.m~3. 

Indoor and outdoor CO results likewise are comparable to results reviewed (17); this 
comparability is also shown for the dfelta CO results, which some researchers have 
used to provide indications of ETS. Computation of delta CO values assumes that 
indoor CO sources other than ETS are absent and that outdbor measurements represent 
the CO background. Subtracting outdoor CO measurements from indoor CO measurements 
thus should give the ETS contribution to the indoor CO concentration. For the 
present investigation, delta CO values vary considerably, ranging from -4.3 ppm 
(outdoor CO concentration higher than indoor CO concentration) to 6.6 ppm (indoor CO 
concentration higher than outdoor CO concentration). 

For most samples, the outdoor CO concentration was higher than the indoor 
concentration. For example, the outdoor concentration was higher than the indoor 
concentration for 13 of the 23 sets of measurements, while the indoor was higher than 
the outdoor for 9 sets of measurements. Although higher delta CO measurements 
accompanied some of the samples with higher concentration of nicotine or UV-M 
(sample numbers 10, 20, 30 and 31), delta CO does not appear to be a useful marker 
for ETS because of variation in CO levels caused by other combustion sources. 

Results from the thirty-one sampling sites investigated are expected to provide upper 
estimates of non-smoker exposure to ETS. All of the offices in which sampling was 
performed during this survey met the primary criterion, which was to sample in* 
offices where active smoking was observed as the measurements were being takenu An 
unbiased and therefore presumably lower, estimate would have been obtained had 
samples been collected in randomly selected offices, because some of these would have 
been occupied only by non-smokers. 
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Environmental Tobacco Smoke and Indoor 
Air Quality in Modem Office Work 
Environments 

Theodore D. Sterling. PhD; Chris W. Collett, MA; and Elia M. Sterling. BA, BArch 


Mecsnt st tempts to eiMn the sir in modem eesled office 
buildings eppesr to he vt focused on one com poo tot of indoor 
sir quslity. environments] tobacco smoko (ETS) Prohibiting 
smoking out irmly or designsting specific smoking atmi hss 
been suggested to improve comfort of office workers end 
reduce scute symptoms of so-csJJed ‘building illness*" The 
effectiveness of such methods, ms well ms the oversll relstion 
of STS to indoor Mir quelity , ere here eveJtinted, hosed on 
reviews of e lerge number of studies of indoor Mir quelity in 
modem office buildings under norasJ use end occupency 
Under these conditions. BTS does not eppesr to contribute 
Magnificently to e build-up of oon tern inert ts in offices. Also, in 
two lerge series of studies of buildings with heeJth end comfort 
enapleints in the US end Ceneds. FTS does not eppeer to be 
nseocieted with esses of building illness 

P ollutentsi may build up inside the modern office 
•pace: They are generated by a wide variety of 
sources, both in and out of the building. and may be the 
cause of occupant discomfort and ill Dees, Attention hu 
been focused on one component of indoor air quality: 
Environmental tobacco smoke (ETS). Reasons for that 
'attention are not hard to find. Smoking baa been asso¬ 
ciated with a large number of diseases, and tobacco 
•moke is the most visible indoor source of combustion 
by-products. On the other hand; there are many sources 
emitting toxic materials indoors, and modern sealed 
office buildings tend to generate, entrap, concentrate, 
and circulate a large number of aerosol contaminants 
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bo that the indoor atmoepbere may become highly pol¬ 
luted in the absence of smoking. 1 1 Tbeee circumstances 
give rise to two questions: (1) to what extent is the 
overall quality of the air in the office workplace affected 
by smoking workers, and (2) to what extent is ETS 
associated with health and oomfort complaints of office 
workers in modsra, sealed, so-called energy-conserving 
buildings? 

Based on a large number of investigations, much is 
now known about the relation of ETS to indoor air 
quality and of outbreaks of building illness. It is our 
purpose to review the contribution of ETS to overall 
indoor air quality on the modern office environment 
under conditions of normal use and occupancy. Our 
review is based on tbs results of extensive field moni* 
toring that has been undertaken since the mid? 1970e by 
investigators from both government and private sectors. 

(All investigations referred to here that are not pub¬ 
lished in journal# are available on request from agencies 
doing the studies or from principal investigators.) We 
will briefly treat three distinct but related issues: (1) 
sources and concentrations of pollutants in modern of¬ 
fice buildings: (2) environmental tobacco smoke as a 
component of indoor air quality: and (3) building-re¬ 
lated illness and indoor air quality. 

Sources end Concentrations of Poftutants in Modern Office 
Buildings 10 

o 

A wide range of substances has bepn measured inside IN5 
modern office buildings. Table l 1 lists the major groups W 
of indoor contaminants and gives their sources, subdi- CO 
vided into three groups, based on the location of their oo 
sources. Group A lists those with predominantly outdoor O 
sources: Group B. with sources bot h indoo rs and out- JO 
doors: anu Group C, with predominantly indoor sources. 

co 
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It is nvident that the majority of indoor pelJutanta come 
from multiple eo ureas, both indoors and outdoors. 

A wld* rang* of contaminants has boos measured ns 
part of indoor air quality invagtigations of offices nod 
other public building* since the mid-1970s. Tbs work 
has been done by a large number of investigator* from 
tbs public and private sector, with the majority coming 
from the United States. In order to make more general 
use of these study results, relevant air quality and other 
date collected by these Investigators have been ex¬ 
tracted directly from their reports and stored in a 
Building Performance Database (BPD) developed by 
tbeee authors.* * A similar data base, "Concentration of 
Indoor Pollutants Data Base'* (CIPDB); limited to build¬ 
ings in the United States and concentrating more on 
residences than on offices, has been developed by the 


TABLE 1 

tnooor Ajt eonotenis Dy So^Cf' 


Group A Source predominantly outdoor 
Csdrrwum 

Cstemm cNonne silica 

Industnet emissions, suspensions o 4 soils 

Lead manganese 

Automobiles 

Ozone 

Photochemical react©ns 

Sulphur ok ides 

Diesel fuel combustion, industrial emissions 

GroupB Sources bom indoor sod out¬ 
door 

Carbon aoxioe 

Metabolic activity, combustion 

Carbon mono* oe 

Combustion 

Nitrogen oxioes 

Combustion 

Organic substances 

Petrochemical solvents, vaporization of unbumed fuels, psot, meiaboK activity, pestcioes, 

Particulates 

mtctiaoes fungicides adhesives household solvents. cooking cosmetics 

Combustion, condensation human sum and hair carpet shampoo 

Potycyckc hydrocarbons 

Automobile exhausts and tobacco smoke 

Viable organisms allergens end poUen 

Fung* moios. baciena viruses dust, animal dander trees, grass, plants 

Water vapor 

Bdogcai activity, combustion evaporation 

Group C Sources predominantly mdOor 
Aerosols 

Consumer products 

Ammonia 

Metabolic activity . Cleaning products 

Asbestos mmerai and'synthetic fibers 

Fre-retardant acoustic: thermal or electrical insulation 

Pormakienyoe ano other noenyoes 

Panide board msutaton furnishings combustion 


•Adapted from the National Academy of Soences/Natonai fiesearcn Council n 901 * 


Lawrence Berkeley Laboratory at the University of 
California * The BPD currently contains information 
from £90 investigations of office buildings throughout 
North America and Western Europe, and includes re¬ 
ported concentrations for 189 different pollutants. The 
CIPDB currently contains summary data for 192 re¬ 
ports. including nins different pollutants. 

Table £ presents data containediin BPD of both indoor 
and outdoor concentrations of the 1£ pollutants most 
frequently measured in indoor air quality investigations 
of office buildings. The number of measurements, the 
median concentrations, and the range of values are 
shown for each pollutant. Measurable concentrations of 
indoor and outdoor-generated pollutants were often 
found to be present in modern office buildings. Only 
carbon dioxide (CO*) and formaldehyde concentrations 


TABLE 2 

Comp*n$on oTMOCV/OutOocv * 0 *utant L*vtf* from 230 Slu0*$ Centered "> BurtOrtg P**Orrr *r >ct Oaieb&St 


Moor Concentrations 



Caw wiaiiaiii 


*• Pofc/ont 

» 

No of 

Maasuramants 

Median 

Mange 

No Of 

Maaauramama 

Ma*an 

Manga 

Auenyocs* 

10 

NDt 

ND-0 03 mg/m) 

— 

— 

— 

Amines 

9 

ND 

NO-404 ppb 

— 

— 

— 

Aromatic hydrocarbons 

110 

Trace 

NO* 104 mg/m 3 

6 

0 0125 mg/m 1 

ND-2 5 mg/m 1 

Carbondoxide 

too 

509 6 

ND-2300 ppm 

19 

375 ppm 

190-525 ppm 

Carbon monoxide 

209 

31 

ND-242 ppm 

35 

2 ppm 

ND-32 ppm 

formaldehyde 

207 

0013 ppm 

ND-0 6 ppm 

24 

0.001 ppm 

ND-0 031 ppm 

Hydrocarbons 

129 

Tract 

ND-20 ppm 

12 

0 032 ppm 

ND-6 ppm 

Nitrogen oxoes 

97 

ND 

NCLi60ppb 

17 

27 5 ppb 

ND-570 ppb 

Ndrogto doxoe 

45 

ND 

NCMOOppb 

7 

7 ppb 

ND-67 ppb 

Ozone 

02 

ND 

ND-95 ppb 

9 

12 ppb 

ND-kpO ppb 

Particulates 

101 

0 036 mg/m 1 

ND-0 7 mg/m 1 

47 

0 037 mg/m 1 

ND-0 091 mg/m 1 

Sulfur dexioe 

40 

ND 

ND-0 17 ppm 

5 

— 

ND-0.17 ppm 

Temperature 

112 

73*F 

61-60 8*F 

24 

61 # F 

41-88*F 

RPativa humidity 
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391% 

4-74% 

21 

57% 

22-96% 


• Not ndudmg formakJehyae 
t NO. nondstsctaWe level 


o 

w 

co 

CO 

00 

o 

10 

or 

rf* 


89 


Offie* Air Ouaftty/Sterling »t *1 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 





win substantially higher is door* than outdoor*: Carbon 
monoxide (00) concentrations ware slightly higher in¬ 
door*, whereas ozone and nitrogen oxide* war* lower 
indoor* than out. All other concentration* of commonly 
meaeured pollutant* differed very little between indoor* 
and outdoor* Similar flndinr* were reported in a num¬ 
ber of published review* of indoor/outdoor pollutant 
relationship# 1 * 7 

Environmental Tobacco Smoke at a Component of Moor Air 
Quality 

Combustion byproducts produced by the burning of 
tobacco product* include a wide range of chemical con¬ 
stituents: carbon monoxide, particulates, nitrogen ox¬ 
ides. aromatic hydrocarbons, acroleini aldehydes (in¬ 
cluding formaldehyde), nicotine, nitroaamines, hydro¬ 
gen cyanide, and ketones. 1 9 9 The combination of the 
chemical constituents is referred to as environmental 
tobacco smoke (ETS). 

Many of the fie Id studies of indoor air quality in public 
building* provide data for comparison* of pollutant con¬ 
centrations measured in smoking and nonsmoking office 
buildings under normal conditions of use and operation. 
Table 9 oompares measurements taken in office areas 
where smoking waf permitted with office areas where 
smoking was restricted! Table 9. similar to Table 8, 
provide* the number of measurements and the medians 
and range* of concentrations found. 

Table 9 shows that several of the constituent by¬ 
products of ETS. including carbon monoxide, particu¬ 
lates. nitrogen oxides, aromatic hydrocarbons and al¬ 
dehydes. have been widely monitored in public buildings. 
Undfcr normal conditions of ventilation and occupancy, 
the concentration of pollutants appears to vary little 
between office areas where smoking is permitted and 
where it is not For example, in 909 measurements of 


office buildings, median levels of CO were 3:1 ppm in 
smoking-permitted areas and 9.4 ppm in smoking-re¬ 
stricted areas. For all practical purpose*, these are 
identical concentrations. In 101 measurements in office 
building*: median particulate concentrations actually 
were found to be the same (0.038 mg/m*) for office 
areas where smoking was permitted and where it was 
restricted. 

The only contaminant for which median concentration 
varied significantly between office areas where smoking 
was permitted and where it was not was 00* Although 
OGt is also considered a component of ETS. its main 
source by far is human metabolic activity, 9 In 100 
measurements in office buildings, the median level of 
00, was found to be substantially higher in nonsmoking 
office areas (769.4 ppm) than in areas where smoking 
was permitted (506.6 ppm). With the exoeption of 00,. 
then, there dose not appear to be a substantial difference 
In contaminant conoeatmtions between offices where 
Moktog is restricted and where it is not. These findings 
should not be confused with concentrations of tobacco 
by-products (ETS) measured in restaurants, bare, 
nightclubs, sport arenas, waiting rooms, crowded lob¬ 
bies, various modes of transportation, and experimental 
research chambers where very high rates of smoking 
often combine with poor ventilation: When increased 
cigarette consumption is combined with poor or no 
ventilation, levels of ETS constituent increase.* 10 

Nontmoktf Exposure to ETS in the Office 

A number of studies provide information on the rates 
of smoking and general smoking practices under normal 
working conditions, as wsll as the concentrations of 
particulates (total or respirable) in the building 
monitored* 11 11 l * (D. Sterling, personal communication. 
1986; unpublished data, 1963 and 1966). Results from 
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6 

NO 
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3 

NO 

ND 

Aromatic hydrocarbons 

112 

Trace 

•ND-12 5 mg/m 5 

6 

0 012 mg/m 3 

ND-104 mg/m 3 

Carbon dioxide 

94 

506:5 ppm 

ND-2300 ppm 

6 

759 4 ppm 

ND-2000 ppm 

Carbon monoxide 

194 

31 ppm 

NO-242 ppm 

15 

3 4 ppm 

NO?75 ppm 

Formaldehyde 

200 

0.016 ppm 

ND-0 6 ppm 

7 

NO 

NO-0.22 ppm 

Hydrocarbons 

124 

Trace 

W>-26 ppm 

5 

NO 

NO-Trace 
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10 
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Nitrogen oxides 

92 

NO 

NO-160 ppb 
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2ppb 
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2 

NO 

NO 
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76 

NO 
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39 

NO 
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NO 
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Temperature 
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i—> ln particulate concentrations DMiurtd 

wertW— of 0.003 mg/m’/cigarette , with * rang e 
of 000* to 0.0095 nf/n*/civ*™ttt. Both studies show 
particulate concentrations again declining at the ces¬ 
sation 1 of smoking. Although smoking thus Inc reases 
particulate concentrations, the slight increase does not 
appear to significantly influence the average indoor 
oonoen tratiDDs under normal ventilation practices. 

In addition to the relative contribution of tobacco 
■moke to indoor air pollution, date are now available to 
determine the proportion of office oocupente who are 
aonsmokers and the proportion of these nonsmokers who 
are actually exposed to ETS. Data from the National 
Health Interview Survey (NHIS) in the United States 
and the Canadian Health Survey (CHS) show that ap¬ 
proximately 70% of people in white-collar occupations 
in North America are nonsmokers. u u Other reeearch 
has estimated that'less than half of nonsmokers are 
actually exposed to ETS in their workplace. 1 * 17 

Overall, the available data from research in the mod¬ 
ern effiot environment show that, despite an appreciable 
aumber of smokers in offices, the presence of ETS does 
net significantly increase the indoor concentration of 
poUutante under normal conditions of building ventila¬ 
tion. 


Bulding-flftettd illnm snd Moot Air Quality 

Within the last decade, health and comfort complaints 
among occupants of modern, sealed office buildings re¬ 
lated to indoor climatic conditions have been reported 
for hundreds of buildings throughout North America 
and Europe >a The types of complaints ar% surprisingly 
similar and range from headache and eye irritation to 
Reproductive system and pregnancy problems. These 
symptoms are often associated with uncomfortable en¬ 
vironmental conditions such as the air being too cold or 
too dry, work sites being too drafty or too stuffy, and 
the presence of odors in the work site. Buildings with 
such problems are now popularly referred to as sick 
buildings: and the epidemic of complaints from occur 
pants of these buildings has been defined by the World 
Health Organization as sick building syndrome, ,a but is 
better known as building iVVness. The broad spectrum of 
indoor air quality or, rather, indoor air pollution has 
been considered by many researchers to be the principal 
cause of symptoms and thus has been monitored care¬ 
fully where problems occur. 

Since 1978, the US National Institute for Occupational I 


Safety and Health (NIOSH) has conducted more than 
S 50 investigations of buildings with health and comfort 
problems: Tbs findings from 903 of theee investigation, 
undertaken through 1989 were reviewed and tabulated 
by the Health Hazard Evaluation Branch of NIOSH.*' 
Table 4 lists the suspected causes of the indoor air 
quality problems documented through 1963 Cigarette 
smoking was suggested as a suspected cause in only 2% 
of the investigations. By far tbs most prevalent problem 
was that of inadequate ventilation, with nearly hair 
(48iS%) of the invastigations attributing indoor air 
quality problems to this factor. Ventilation is deemed 
inadequate when the amount of fresh (outside) air is 
insufficient to dilute the level of indoor contaminants. 
Ventilation standards, in fact, specify minimum leveli 
of trmb air reaching occupants. The most common cause 
of inadequate ventilation is the diminished intake of 
fresh air into the air circulation eystem: usually to 
oonserve energy and save on oost of building operation. 
(In oold areas, intaks air has to be heated and. in hot 


TABLE 4 

Suspecieo Csums of Pr o ble ms From Mean* Mazjrc Ev*u*T<r 
Mstione institute tor Oocuoetwei Ssftty ex Heerm* 



No. 

\ of 

Tetsi 

taadeoiuste vernation 

98 

48 3 

Contamination (stside) 

96 

17 7 

Contamination (outside) 

2li 

103 

Hurmdrty 

9 

44 

Contamination (budding faPnc) 

7 

34 

Hypersensitivity pneumonitis 

6 

3 0 

Cipsrtne smoking 

4 

2 0 

Hoise/iHumination 

2 

110 

Scabies 

1 

05 

Unknown 

19 

94 

Total 

203 

100J0 


• Acapteo from Melius et sf. 1984 10 


TABLE 5 

Suspectto C*u*e> of Promem* From Hearr* snc Wtfiar* Canto* MeOcj 
Servers B/enc*' indoor ak Ou**ty Mvestigffens* 


inadequate ventitation 

Poor air circulation 
inadequate outdoor air (CO* > 800 
ppm) 

Poor temperature/hum^fty control 

64 

68 

Outdoor cornemmam 

Reentry of building exhaust 

Motor vehicle exhaust 

9 

10 

Indoor contaminant 

Copy machines 

Tobacco smoke 

5 

5 

BmWmg fabnc 

2 

2 

Glues and adhesives 

4 


Formaldehyde and organics 

. 


Biological contaminants 

0 

0 

No problem identified 

14 

15 

Total 

94 

100 


• Adapted from Krkbnde 1985 n 
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areas, intake bu to be cooled.) Other caueei are mal¬ 
functions of airflow mechanisms or stratification of air. 
a condition in which a large part of the fresh circulated 
air travels along the ceiling and fails to mix fully with 
air at the breathing zone.* 1 Varied contaminant sources 
from inside or outside were the cause of problems in 
30 % of the investigations. Many of them related to poor 
designs of ventilation systems (such as air intake and 
infiltration from garages or congested traffic areas). In 
10% of the investigations, the causes of problems were 
determined as noise, illumination, or humidity. For the 
final 10% of the investigations, causes could not be 
determined. A similar distribution of causes of indoor 
air Quality problems was determined by a more recent 
investigation by N10SH of another 150 buildings (J 
Carpenter, personal communication. 1966). These find¬ 
ings agree with a review of apparent causes of building 
illness by the staff of Health and Welfare Canada 
(HWC) “ “ HWC is engaged in a health hanard evalu¬ 
ation program that now includes indoor air quality. A 
recent review of 94 building investigations (see TAble 
6) finds problems with the ventilation system in 64 
Instances, reentry of building or entry of motor vehicle 
exhaust in nine cases, combined problems with photo¬ 
copy machines and tobacco smoke in five cases: and 
emissions from glues and adhesives in two instances. 

Overall, results Xr oZD the investigation of health and 
comfort complaints in sick buildings indicate a wide 
range of contributary causes of indoor air quality prob¬ 
lems. Findings have not shown a consistent association 
between ETS and so-callbd sick buildings. By far. the 
most pervasive and consistent cause appears to be inr 
adequate ventilation. 


Conclusions 

A commitment by governments and professionals in¬ 
volved in the building process; building owners and 
operators, and office worker unions to improve the air 
quality in modern sealed office buildings is undoubtedly 
a worthwhile and well overdue objective. The provision 
of clean air is technically achievable. Prohibiting smok¬ 
ing entirely or designating specific smoking areas is 
f j 0 ften proposed as an effective means to provide clean 
# air to office occupants. 

Although any smoking restriction could very well 
affect the prevalence of smoking among office workers, 
prohibition of smoking has not been shown to have any 
measurable effect on either indoor air quality or asso¬ 
ciated health and comfort symptoms of sick building 
syndrome: Ventilation required to remove indoor con¬ 
taminants produced by the occupants themselves; spe¬ 
cifically CO s and body odor, will also remove the con¬ 
stituents of ETS. On the other handl if adequate venti¬ 
lation rates are not provided, then indoor-generated 
substances and dusts and chemicals infiltrating the 
building envelope from outdoors increase in concentra¬ 
tion to unacceptable levels, even if ETS should be en¬ 
tirely absent. 

Designation of special smoking areas might remove 


multiple sources of irritation to smokers and' nffh-* 
smokers alike. On the other hand, the segregation off 
smokers to specially designated smoking areas may have 
little effect and may well have undesirable impacts on 
ventilation performance Concentrating smokers in des- \ 
ignated smoking areas i may place an excessive local * 
burden on existing ventilation systems—a burdfcn with * 
which they may not have been designed to cope. The 
result may well be that smoking office workers are 
exposed to high level* of irritants for short time periods 
without any benefits accruing to their nonsmoking co¬ 
workers. To be of any real use. specially designated 
smoking areas may require installation and operation 
of higher volume ventilation systems with more effective 
air cleaning devices and possible direct venting outside. 
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Ptnatty for Ovorconfidonce 

The wreck of Iht Titanic ha# at last b#6n found. 560 mil** off the coast of 
Newfoundland and in 13,000 feet of water. ... 1 

The v%»t luxury Unor carried a load of millionaire and too ftw Lifeboat* It* 
captain efeamed it at full i pm d through an iceberg Gold of which he had boon amply 
warned. Of 8,235 passenger# and crew members, only 713 were saved. 

.. .Oaabed by an iceberg below the waterline, the ship ... sustained a mortal 
wound. The water flowed over the top of the transverse bulkheads supposed to 
divide her into watertight compartments. Because the blow was eo alight, and the 
officers gave no alarm few passengers realised their danger. The ship's bow dipped 
gently into tbe water as the first lifeboat* left, some half-empty. In one of them was 
my grandfather, a London high school teacher seeking fortune across the ocean. 

Rowing away from the ship, he wrote in his account of sinking, be could see the 
lines of porthole lights ablaze, but bizarrely meeting the wafer at an angle Gradually 
the angle incr ea sed until the great ship, one-sixth of a mile long, stood like a oolumn 
In the moonlit eea. 

Thebe' was a rumble as machinery crashed through the bulkheads, and the lights 
flashed out. Those in lifeboat* watched the huge black shape slide silently into the 
icy wafers. Then came the screams of the drowning, piercing the air for 40 minutes 
juntil. one by one, they died away. 

The lbs* of the Titanic ha* served a* a lasting reminder to the consequences of 
overconfidence. — 

i 

—From "The Editorial Notebook: The Titanic Lesson" 
by Nicholas Wade in Tbe New York Times. 

Sept 4, 1965 
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Concentrations of Nicotine, RSP, CO and CO 2 
in Nonsmoking Areas of Offices Ventilated by Air 
Recirculated from Smoking Designated Areas 


T.D. STERLING* and B MUELLER 8 

"Faculty of Applied Sciences, Simon Fraser University. Burnaby. B C. V5A IS6 Canada; 
B Theodor D Sterling Limited. #70- 1507 West 12tK Avenue, Vancouver, B.C. V6J 2E2 Canada 


The exposure of nonsmokers to environmental tobacco smoke (ETS) when smoking is relegated to designated areas that are not separate!) 
ventilated is of considerable interest. Concentrations of nicotine, respirable suspended particles (RSP), carbon monoxide (CO l); : and carbon 
dioxide (CO 2 ) were measured in offices under different conditions of smoking regulation; smoking prohibited; smoking prohibited areas 
receiving recirculated air from designated smoking areas; smoking and nonsmoking sections of these designated smoking areas. Nicotine was 
collected by pumping air for periods of 1-S hr at 1 L/min through sampling tubes containing a styrene divinylbenzene copolymer. RSPs (5 
cut-off) were measured using an optical side scattering instrument. CO was measured by a direct reading electrochemical analyzer and 
CO 2 by colorimetric detector tubes. Detection of nicotine in nonsmoking office areas that received recirculated air from smoking designated 
areas required sampling times of 4 hr or more. Nicotine levels in such offices were approximately 1.0 m/m . RSP, CO and CO 2 
concentrations were approximately the same in these offices as compared to nonsmoking offices not exposed to recirculated air from smoking 
areas. Providing a designated but not separately ventilated smoking area appears to be effective in eliminating most components of ETS from 
nonsmoking office work areas. 


Introduction 

A number of municipalities (San Francisco and Vancouver 
being leading examples) have passed bylaws to regulate 
smoking in public buildings. In principle these bylaws apply 
to public buildings and places of employment and establish a 
norm of no smoking except in smoking areas designated by 
the employer or proprietor. The Canadian and American 
Federal I Governments are preparing to develop approaches 
to regulate smoking in workplaces under federal jurisdic¬ 
tion. Provincial and! state governments are making similar 
preparations. 

Four options are available to regulate office smoking: 

1. Prohibiting smoking outright; 

2. restricting smoking to designated areas that are venti¬ 
lated separately; 

3. restricting smoking to designated areas that are not 
ventilated separately; and 

4. providing some framework by which an adjustment 
between smoking and I nonsmoking workers may be 
achieved without directly regulating the placement of 
smokers. 

The third option, that of providing a designated but not 
separately ventilated smoking area, appears to be the most 
frequently adopted procedure. A certain proportion of a 
building’s population will! demand a Ideation where they 
may be allowed to smoke (for example, employees on their 
coffee and ltineh breaks, members of the public waiting for 
services, or persons who are residents of the building—such 
as in prisons or hospitals.) Governments and the private 
sector own, operate and rent a wide variety of different 


buildings, however, most of these buildings do not offer 
separate ventilation for different Ideations. To provide 
separate ventilation would not only be costly in many 
instances but very often physically impossible. Thus, the least 
disruptive and costly solution for many buildings appears to 
be the setting aside of designated but not separately venti¬ 
lated smoking areas. 

A question of considerable interest is the extent to w hich 
designated but not separately ventilated smoking areas are 
effective in decreasing exposure to environmental tobacco 
smoke (ETS) in nonsmoking areas. This project w as designed 
to provide some information on that question. 

The authors report here the outcome of a series of mea¬ 
surements of nicotine, respirable suspended particles (RSP), 
carbon monoxide (CO) and carbon dioxide (CO 2 ) obtained 
in the folldwing locations: 

1) two cafeterias, each having smoking and nonsmok¬ 
ing areas; 

2) four nonsmoking floors which received air recircu¬ 
lated from a ventilation system common to one of the 
cafeterias; and 

3) two nonsmoking offices w ith independent ventilation 1 
systems which, therefore, did not receive air recircu¬ 
lated from designated smoking areas. 

Methods 

Air sampling for nicotine, RSP, CO and CO 2 and an obser¬ 
vation of the number of office occupants present and 
cigarettes smoked was undertaken in two adjacent buildings 

423 
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(Vancouver City Hall and City Hall Annex): Building A, 
which is ai sealed, mechanically ventilated building, and 
Building B, which has opening windows and mechanical 
ventilation only in selected areas, 

Building Description 

Building A is a 4-slory sealed office building with 2 levels of 
underground parking. Each of the 4 floors contains approx¬ 
imately 1390 m 2 (15 000 ft 2 ) of office space. Fresh air from an 
intake at ground kvel is supplied to an air-handling unit in 
the basement mechanical room. This fresh air is filtered, 
conditioned and then supplied unmixed to air induction 
units located at exterior walls. Air is returned, via ceiling 
return grates* to a second air-handling unit in the basement, 
which exhausts a portion of the return air, adds makeup air 
(minimum of 20%), and'filters; conditions andlreturns the air 
to the occupied space via ceilingdiffusers As a result, indoor 
air from different parts of the building and different floors is 
mixed. Smoking is prohibited in all work areas and public 
areas of the building and is permitted only in the smoking 
section of the fourth floor cafeteria which is not separately 
ventilated. 

Building B is a 12-story, unsealed building with opening 
windows and, originally, no mechanical ventilation system. 
Most'areas are passively ventilated by building leakage while 
separate ventilation systems have been incorporated in only 
a few areas. In the offices where measurements were taken, 
rooms with exterior walls have opening windbws. Addi¬ 
tional ventilation is supplied to the centra) zone of each of 
these offices by an air-handling unit which receives fresh air 
from an intake at ground level. The zone air-handling unit 
feeds conditioned air to a supply-air pknum (in the ceiling 
space) where individual fan-coil units temper the air again 
and deliver it to the occupied space below: Air which has not 
been exhausted through windows or doors is returned to the 
ceiling plenum and again tempered by the fan-coil units. 
These systems* therefore, have no ducting common to other 
areas of the building. Smoking is prohibited in all work areas 
and public areasin the building except the smoking section 
of the cafeteria (which is located in the basement). Heated/ 
cooled air is supplied separately to the cafeteria and 
exhausted through windows. 

Sampling and Occupant Observation 
Three samples were taken in each of the smoking and non¬ 
smoking sections of the cafeterias of Buildings A and B; two 
samples on each of the four floors in nonsmoking offices of 
Building A; two samples in the nonsmoking offices of Build¬ 
ing B; and two samples of RSP outdoors. 

Samples for nicotine were obtained using a portable air 
sampling pump housed inside a briefcase. Because of the 
effect of air sampling on occupant beha vior, 0 * the sampling 
apparatus was designedlto collect samples in an unobtrusive 
manner. Nicotine samples were collected by pumping air at I 
L/min through sorbent tubes containing XAD-4 resin, a 
styrene divinylbenzene copolymer. The sorbent tubes con¬ 
tained 80 mg of resin in the front (primary) section and 40 mg 
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in the rear (secondary) section. Samples were collected for II 
hr each in the cafeteria locations and for periods of 2,4 or 8 
hr at other sampling sites. Respirable suspended particles (5 
Min cutoff) were determined using a P-5H digital dust indica¬ 
tor (Sibata Scientific Technology, Tokyo, Jkpan) which mea¬ 
sures light side-scattered by suspended particles. The unit was 
calibrated at the factory to monodispersed stearic acid partis 
cles with a mean diameter of 0i3 pm. The unit usually mea¬ 
sured respirable particles for the entire sampling period, 
depending on battery charge. Approximately midWay into the 
I- or 2-hr air sampling period, CO and C0 2 concentrations 
were measured at the sampling locations. (COand CO 2 were 
measured more often during 4- and 8-hr sampling periods.) 
CO was measured using a direct-reading electrochemical (ana¬ 
lyzer (Nbva 310 L, Nova Analytical Systems, Inc., Hamilton, 
Ontario) housed in a flight case. CO 2 was measured using 
colorimetric detector tubes (Gastec, Gastec Corporation, 
Yokohama, Japan) and a manual sampling pump. 

During a sampling period, the number of occupants in a 
predefined! observation area andl the number of cigarettes 
smoked in that area were observed and recorded! The obser¬ 
vation areas were defined by visual configurations and relia¬ 
bility of surveillance of the observable office area. For pur¬ 
poses of comparison, number of persons and cigarettes 
smokedlwere calculated per 10 m 2 where applicable. At the 
completion of sampling, the sorbent tubes were refrigerated 
until analysis. 

Analysis 

In the chemical analysis of nicotine, resin beadk in the sorbent 
tubes were transferred to gas chromatograph autosampler 
vials to which were added 50 mL of quinoline (100 mg/ L) to 
serve as an internal standard and 1 mil of ethyl acetate as an 
extraction solvent Triethy la mine (0.01% by volume) was 
added to the extraction solvent to prevent adsorptive losses 
of nicotine onto the glass autosampler vials. Samples and 
spiked standards then were placed on an automatic shaking 
device and shaken for 30 mini A Hewlett-Packard Model 
5880A or Model 5830A gas chromatograph equipped with a 
nitrogen-phosphorus detector was employed in conjunction 
with an autosampler and a GC terminal to determine peak 
areas of the nicotine and compare them with the areas ob¬ 
tained from nicotine standards. The assayed nicotine was 
corrected for the desorption efficiency (usually 94%) of the 
particular lbt of XAD-4 resin used in sampling: Final nicotine 
results were divided by the volume of air sampled to yield 
results in Mg/m 3 . The rear (backup) sections of sorbent tubes 
were analyzed separately and, except for one case, always 
yielded nicotine determinations less than the limit of detec¬ 
tion, thus indicating no breakthrough of nicotine past the 
primary section. [The authors' procedure, by and large, is 
based on the Nationalllhstitute of Occupational Safety and 
Health (NJOSH) method®] 

Respirable suspended particles were estimated by convert* 
ing the digital counts of particles per sampling time to an 
average count per minute, A background count of 5 counts 
per min was subtracted from the average to yield RSP values 
in Mg/ m 3 * 
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Results 

Table 1 summarizes measurements for RSP, CO, CCh* nico¬ 
tine; average number of persons per 10 m 2 ; and average 
number of cigarettes smoked per hour per 10 m 2 (where 
applicable). Because of the Ikrge variability and suspected 
skew of measures, means, medians and ranges are given: 
Measurements in the cafeteria smoking areas each are based 
on 6 samples as are measurements in the cafeteria nonsmok¬ 
ing areas. Because there were no perceptible differences 
between cafeterias in Buildings A and B, both for smoking 
and'nonsmoking areas, their data have been merged. Mea¬ 
surements in nonsmoking office areas in Building A are 
based on 8 samples, and measurements in nonsmoking areas 
in Building B are based on 2 samples; 

There were significantly more persons per unit area in the 
cafeterias than in the nonsmoking offices. The numbers of 
individual per 10 m 2 in smoking and nonsmoking areas of 
cafeterias, however, were approximately the same. As might 
be expected, both CO and CO 2 levels were higher in the 
smoking than nonsmoking areas of the cafeterias. This also 
was true for RSPs. Nicotine levels averaged 14:0 jig/m 3 in 
the smoking area and 6.2 pg/ m 3 in the nonsmoking area of 
the cafeterias. The drop in RSPs and nicotine from smoking 
to nonsmoking areas of the cafeterias is quite steep and 
attests to the rapid dilution of ETS. 

Contributions to RSP, CO and CO 2 that are caused by 
smoking in the designated smoking area are diluted further 
in the recirculated air. This dilution can be seen from a 
comparison of measurements in the office areas of Building 
A with Building B. Concentrations of RSP, CO and CO 2 in 
Building AY nonsmoking areas, which received recirculated 
air from the smoking area, are approximately the same as 
those measurements taken in Building B; which did not 
receive any such recirculated air (also see Table 11). Of 
special interest are measurements of nicotine. It is important 
to keep in mind that the detection of nicotine in air, in the 


dilute quantities in which it may be present, requires a 
lengthy sampling procedure. As the concentration of nico¬ 
tine in air decreases, larger air samples must be obtained to 
detect that concentration. For the method used here, a 2-hr 
sample at 1 L/min would detect nicotine concentrations 
greater than 0.8**g/ m 3 . Of 4 samples taken for 2 hr each; not 
a single sample detected a concentration above 0.8 jig/.m . 
For a 4-hr sample at 1 L/ min, the lower level of detection is 
0.4/jtg/m 3 . At that level, I positive detection at a concentra¬ 
tion of 1.0 jig/m 3 was madfe in I out of 3 samples For the I 
sample taken for 8 hr, the lower level of detection was 0.2 
^g/ m 3 . That sample measured a concentration of 0.8 pg/m 
(findings summarized in Table II). 

Discussion 

Studies of office air quality have demonstrated that signifi¬ 
cant reductions in ETS related RSP may be achieved in 
nonsmoking areas when smoking is limited to designated 
areas that are not ventilated separately. 0 * The extent of 
involuntary exposure to ETS, however, best may be estab¬ 
lished quantitatively when nicotine is used as the marker * It 
has been suggested <3> that advances in measurement technol¬ 
ogy may provide grounds for reliance on nicotine as a gen¬ 
eral indicator of ETS. Other components of ETS may be less 
useful for developing an ETS exposure index. ETS compo¬ 
nents are complex and variable and also include many con¬ 
stituents similar to those emitted I from other sources M) 


•The observation that nicotine in sidestream smoke is mainly m the 
vapor phase while in mainstream smoke itis more m the particulate 
(deposit) phase poses no obstacle to the use ofnicotineasanindex 
of ETS infiltration because building occupants are not exposed to 
mainstream smoke unless they actively do smoke. The nicotine con¬ 
centration obtained from sampling the air is a representative sample 
of ambient ETS inhaled by nonsmokers. 


TABLE I 

Comparison of ETS Related Air Quality Parameters In Nonsmoking 
Work Areas and Designated Smoking Areas_ 




RSP* 

CO 

CO 2 

Nicotine 

Persons 

Cigarettes 



(Mfl/«n 5 ) 

(ppnt) 

(ppm) 

(MQ/m 3 ) 

/10 m 2 

/hr/ID m 3 

Smoking areas of 

Mean 

70 

3.9 

690 

14 

18 

1.2 

Cafeterias A & 

Range 

23-129 

1.1-11.4 

450-1000 

<1,6-43i7 

0.79^3 42 

0.53-1167 

B combined 

Median 

74 

2.5 

650 

11 

ne 

1.2 

Nonsmoking areas 

Mean 

32 

2.6 

560 

6.2 

1.7 


of Cafeterias 

Range 

15-57 

1.2-4.5 

400-700 

<1.6-10.9 

0.76-2.5 

NA* 

A & B combined 1 

Median 

26 

2.4 

580 

79 

1.7 


Nonsmoking 

Mean 

6 

1.8 

490 


0.73 


office area. 

Range 

4 L 11 

1.3-2.3 

400-580 

c 

0.28-1 l9 

NA 

Building A 

Median 

6 

1.7 

500 


0.46 


Nonsmoking 

Mean 

7 

1.35 

450 


0.9 


office area. 

Range 

6-8 

1.3-14 

400*500 

c 

0:53-1.28 

NA 

Building B 

Median 

7 

1.35 

450 


09 



A Mean outdoor RSPs were lO^g/m*. 
b NA = not applicable 
c See Table II 
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TABLE III 

Nicotine, RSP, CO and C0 2 Concentrations In Eight Locations In a No Smoking 
Office Area that Receives Recirculated Air from a Smoking Designated Area 
and In Two Locations without Such Recirculation* 



Location 

Sample Tima 
(hr) 

Nicotine 

RSP 

CO 

(ppm) 

CO. 

(ppm) 

Persons 
/10 m 2 

Recirculated air 

1 

2 

<0 8 

6 

1.7 

580 

0.50 


2 

2 

<0 8 

5 

2.3 

500 

0.42 


3 

2 

<0.8 

5 

1.3 

400 

1.90 


4 

2 

<0 8 

4 

2:0 

500 

0.38 


5 

4 

<0.4 

11 

2:2 

550 

0.39 


6 

4 

<0.4 

5 

1.7 

450 

0.28 


7 

4 

1,0 

6 

1.7 

500 

1.02 


8 

8 

0.8 

6 

1.6 

450 

0.96 

No recirculated 

air 

9 

s 

B 

8 

1.4 

400 

0.53 


10 

a 

S: 

6 

1.3 

500 

1,28 


Sampling lime for nicotine ranged from 2 to 8 hr. 

•Nicotine was not measured because these offices could not receive ETS from any source. 


Air sampled for 2 hr at I L/min (Using the NIOSH pro¬ 
tocol) reliably measures nicotine levels that are larger than 
0,8 Levels of nicotine appear to be at or below that 

concentration in offices in which smoking is prohibited but 
which receive air recirculated from smoking designated 
areas. To give meaning to such trace values, the exposure of 
an office worker to nicotine at 1 pglm* for I hr can be 
calculated roughly. Given a breathing rate of 0j48 m 3 / hr for 
the level of activity required during normal office work, (5l6) 
an office worker would breath air containing 0.48 pg of 
nicotine in I hr. This quantity is approximately equivalent to 
1/1800 of the nicotine inhaled by actively smoking I 
cigarette (900 >xg/ cigarette <6> ). Until relatively recently, calf 
culations of a smoker's exposure to cigarette smoke was 
limited to amounts of materials in the mainstream smoke. 
Insofar as smokers are spatially close to their cigarette and 
often inhale relatively undiluted sidestream smoke, existing 
estimates of smokers' exposure to any component of ETS 
must be lower than their actual magnitudes. Thus, the non* 
smoker probably inhales less than 1/1800 of the nicotine 
inhaled by a smoker when actively smoking one cigarette, 
«ftfcss this nonsmoker should be standing in very close prox¬ 
imity to a burning cigarette. 

Based on these findings, it is the authors' belief that the 
provision of a designated smoking area appears to be effec¬ 
tive in eliminating most traces of ETS from the rest of the 
office space, even if the designated smoking area is not 
separately ventilated. An exclusive reliance on regulating 
smoking whik ignoring all other problems besides smoking 
which may influence the quality of air in the nonindust rial 
work environment may accomplish little in addressing 
indoor air quality problems, however, especially in so-called 
“sick buildings,"* 7 * 

If a designated area is made available for smoking in offices 
where otherwise smoking is not permitted, the designated 
space should be sufficiently large to prevent overcrowding. 
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times 

Increasingly widespread concern Hm arisen during the peet fee fear* 
over the duality of air la residence», aehoole, of fleet, hospitals and even 
Ice arena* a* It nay be affecting human health and comfort, and even the 
performance of material* and equipment within the building. In some cate* 
specific indoor air pollutant* have been Identified a* the causal agents In 
Illness and Heath, as In the case of Legionnaire*• disease froe bacterial 
voter droplet aerosols and carbon monoxide poisoning from coebuatlon product 
venting failures. !tere often, hovevet, the concern le associated with 
perceived but not veil understood problems vhieh have bean conveniently 
grouped together end labelled ee the 'sick building syndrome*. 

with respect to the: Importance of the IAQ problem, at least three 
facts seem certain, firstly, concerns about three specific Indoor air 
pollutants:: asbestos, passive tobacco smoke and formaldehyde,, have already 
resulted In costly building and/or Industry measures being taken. Literally 
hundreds of Billions of dollars have been spent on asbestos end Urea 
formaldehyde foaa Insulation (UFFI) removal end encapsulation. Standards 
have been developed In some countries for particleboard formaldehyde 
emissions, and significantly higher ventilation rate* have been sat by 
ASHRAf for tatting* where tobacco smoking 1* permitted. 

Secondly, there ere many potentially harmful gases, particulates, and 
microbiological agents which have been discovered lb the Indoor sir for 
which no standards or policies exist. So msny infect that authorities are 
uncertain where to focus their IAQ effort* or even how to menage them. The 
problem le exacerbated by the fact that no one federal agaacy saama to have 
both the health and building mandate* required to deal with the breadth of 
the problem holistically. 


Finally, ladoor air quality concern# In cold cllmataa have been 
closely linked to the energy conearvetlon measure* Introduced in the last 
decad*. particularly thoea reducing lndoor*outdoor air exchange aince this 
act directly raises the coacantratlone of the many pollutants originating 
indoors. Therefore, a third maaaure of tht importance of the Indoor air 
quality concern Is the Importance attached to the efficiency of energy uee 
in buildings, la Canada, at least,, this turns out to be very significant. 
Building energy conesrvatloo maaauree are currently saving Caaadlaaa an 
estimated 95 billions annually In comparison to their pre-IB 7 3 energy usage 
rates. Ventilation reductions comprise a significant but unknown amount of 
that 95 billion. The challenge facing people living in cold cllhates Is to 
maintain and even increase:thee* building energy savings whileimialblsiog 
ladoor air pollutant concentrations so that they can live In healthful and 
comfortable, yet economical, Indoor environment*. 
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It; seems elssr. therefor*,. that potential UQ Impacts must be given 
Increased attention, particularly la cold climate area* where poop la spend 
•o ouch dot "doors. This attention U required when da*Igntng and 
operating eomouacion d«*icci t air handling systems and hualdlflare, when 
defining the range of acceptable Indoor human actIvttles such as tobacco 
looking, and when selecting and maintaining building materials and 
furnishings. Action will have to be taken on the baalt of available 
Infoneacion on pollutant dose-human response, and societal coat-benefit and 
relative risk trade-off*. 

This first AFCA Specialty Confarane* on indoor air duality, haId on 
April 29, 30 and May 1, 1985 lo Ottawa, Canada, featured some 67 
presentations covering many aspects of thaee issues, with the focus on cold 
climate haxarda end abatement measurest The attsndancs of almost *00 
persons from s varltty of building, htalth and aavlronmantal disciplines and 
interests was Indicative of: the great interest In this topics The 
conference transactions contain 3ft peerraviewed! research papers, 17 policy 
and practice papers, and the opening addressee of the Canadian Minister of 
Health and the President of the National Research Council of Canada. The 
combined efforts of the organisers, authors and reviewers have resulted In a 
document which should be of use to all of those involved or Interested In 
the field of Indoor alt quality. 


January 6, 1986 


Douglas S. Welkinshew 
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TVs matt'; "'* v Se 
protected Qy cop/f^t 
li* (Title 17 U S. Coe?), 


t*c; relationship between pollutant levels 
IN HOCS AM5 POTENTIAL solaces 


Poland Mosein, 


Frances Silverman. Paul Corey, and Shelley Mint 2 
Occupational Mealtn unit, faculty of Medicine, 
and the Gage Researcn Institute 

university of Toronto, Toronto, Ontario, Canada, M55 1A8 



Inooor levels of respirable suspended particulates (ASP), nitrogen 
dioxide (NO*) and sulphur dioxide (SO*) were Measured in nones 
in t»o health related studies. The air pollution sailing »as 
conducted using a specially designed system which sampled the 
pollutants simultaneously. 

ti* potential sources of the air pollution investigated included 
heating systems, cooking fuel, air conditioners, mjicer of 
occupants, pets, futniture, floor coverings, tooacco smoke, and 
fireplaces. 

Study I showed that *©* •*** higher in homes with gas 

stoves than ih rows with electric stoves. The difference averaged 
100 ug/ar witn a maxinun level detected of 3,000 ug/ar. The 
levels of RSP in homes was directly related to the ruifcer of 
smokers. Homes with one and two smokers had R5P levels of * 

ug/rn^ and 39 ug/ar respectively higher than homes with no 
smokers. SO 2 levels were very low and there were no oovipjs 
inooor sources of this pollutant., 

Study II investigated NO*, (suspended particulate matter), and 
SO*, mns with gas stoves, were excluded from this study., Homes 
with fireplaces had 18 ug/» 5 more NO* and 6 ug/m’ less RSP 
than homes without fireplaces;; SO* levels were very low and 
similar in ootn types of homes. 

Air conditioning usage was few* to influence the NO* and RSP 
levels to a small extent. The other sources had very little 
influence. In general, indoor no* and «5P levels were higher than 
outdoor levels. 
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iNTaOQuCTIQN 


lit is no» recognized that the inooot environment is important in 
an inci'vioual* total exposure to airoome contaminants since in some 
areas residents soeno 70 - 90* of their time irooors Ti>e 

inooor nome environment na$ numerous sources of airoome respiratory 
irritants. Smoking, cooking, cleaning* heating ano fireplace use 
al| contricxjte to the generation of inooor airoome pollution 

In general!, inooor SO? concentrations are usually less than 
outdoors unless there are particular inooor sources Inooor 
NOj levels can oe higher depending on inooor sources 6 . a 
significant inooor source of NOj has oeen shown to oe gas stoves 
7,0,9,10. Tooacco smo*e is a major source of inooor airDorne. 
particulate matter ano to a lesser extent N0^. Airoome 
suionate levels nave oeen shown to De associated with smoking ano 
use of matches 

Two stuoies were conducted to determine the effects of inooor 
pollution on the resoiratory health of residents. In study I, a 
case/control study was conauctea with a grouo of housewives in wnien 
tne cases reoorteo cnronic cough and phlegm. In study II, another 
case/controi study was conducted 1 in which'tne cases reported asmma. 

In ooth stuoies lifestyle factors were evaluated to determine 
the contrioution to airoome SO 2 . *0 2 ano p$p, wnien were 
measured simultaneously using uniquely designed samplers. 


igTHOOS 
Study I 

'The air pollution sampler consisted of a suitcase (50 x 88 x 
15cm). A manifold connected to a olower served as tne main samoling 
system from which prooes lead to 3 pumps. One of tne pumps sampiec 
resDlraoie suspended 1 particulates on to glass floer filters using a 
10mm nylon cyclone assemoly. T»o other pumps collected MO 2 ano 
SOj &y ouooling air into imoingers with sofliumny or oxide ano 
potassiixn tetrachloromercurate solutions respectively. The level of 
NO 2 was determined using the Jacoos ano nocnneiser method ^ 
whereas the SCh was determined oy the *est ana Gaewe metnoa A “. 

RSP was determined Oy the gravimetric method. 

Tne sampler was placed in the area most frequently used Dy tne 
suOject. Samples were collected once in tne summer ana winter for 
each suoject. The sampling period was 2* hours. 
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^e Xifesrylfe characteristics coosioerec were: air cpnaitionmg,, 
:;:o*ing ; fuel,,, smoking, type of heating system, ano carpets on me 
f:oor. 


:i 

♦ ne air pollution sampler was a variation of the one used in 
St-Cy l. It »as iiace more comoact to oe uses as a personal or 
inccor sampler. It coilecteo me same gases, out cne particulate 
•natter cpp.sistec of particles less tnan 25 um l'5P*>.. Samples were 
roiiectec everyday for two weeks in tne heating anoitwo weeks in tne 
non-neacing seasons; Tne samplers were operates for 6 to 6 nours, 
primarily ouring^tne cay time: Details of me sampler oesign »e:re 
given elsewhere 

The lifestyle factors ihcluoeo: seating system, air 
consitioning, smoking* floor covering, wail covering, fireplace,, aiir 
tightness: of nome ana crowding. 

Tne aata for each inaividual were averageo ano a t-test was 
concuctec to test tne oifferences oetween tne means for those wno 
has or aid not nave tne lifestyle characteristic. 

;n ooth stuoies, comparison measurements were jnoertaken outsioe 
of tne homes using similar sampling ano analytical memocs. 


w£5ui T S 


Stucy I 

In oroer to Determine wnetner there were any inooor sources of 
tne 3 ooiiutants, inooor levels were compareo with outooor levels. 
Tne cata snow that mere were inooor sources of NQg ano *$P out 
not SO^. In fact tne SGj levels were very low oom inooors ano 
outdoors, ana n© further analysis of tne SOj results are given 
(Figure 1). 


Sources of n 02 


T*enty.one percent of tne homes naa gas stoves, and in rnese 
nomes me nitrogen oioxioe levels (Figure 2) were significantly 
nigner man nomes witn electric stoves (P .001). Tins 
cifferential oetween homes with gas ano electric stoves was seen 
in oom seasons., The winter NO 2 levels were higher tnan tne 
summer in nomes witn ootn gas ano electric stoves, nomes witn' 
gas stoves ano air conditioning naa less nOj tnan nomes 
-itnout air conoitioning, out tne numoers in eacn grouo *ere too 
small for meaningful comparisons (Taoie I). 
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? i'C percent of tne nows nao 5*5 raaiamt waters* Out some of 
mese nows also nac gas stoves, newe it was not,possible to 
assess me emissions of nOj from mis source. TW nomeis of 
smokers without gas stoves nac more n 0 2 tnan news of 
non-s-no^ers witnout gas stoves, -Itnougn tne differences were 
significant vP .XI ana P .02 resoeetiveiy), me aosoibte 
cifferences in tne geometric means were smail (Taoie II). 

tne tests concuctec to setermlw tne oally variations in 
ccwstic >02 ioaaing snoweo mat in two nows *itn gas ranges, 
tne nCj levels were sometimes in excess of 1000 ug/m’ (i.e. 
2-ncuj A y values,K In one nome, thirteen of tne sixty 2-ncurly 
values were in excess of 1000 ug/m 3 anc in me otner new, 
eignt of me sixty 2-nouriy values were in excess of 1QG0 
ug/m 3 . In 1 mis latter nome, oea* 2-nouriy values in excess of 
3000 ug/m^ were oos'erveo on two seoarate occasions. In alii 
cases, tnese oeaKS were oirectly related to extensive use of tne 
gas stoves ana ovens. 


Sources of RSP 


Cigarette smoking contributed significantly to tne R $P leasing 
•itnin nows in me winter ana sunwr (figure 3). Tne presence 
of one smoKer in tne now resulteo in significantly wre R5? 
tnan nows witn no smokers 

(P .XI), ana nows witn 2 or more smokers snowed mere R$P man 
nows witn one smoker or no smokers (P .XI). In nows witn 
air conoitioning, tne RSP levels were nigner in oom nomes «iin> 
zero smokers (<P .01) ana witn at least one smower (P .XI) 
comoareo wim nows without air conoi,timing ( Taoie 111). 

Caroeteo nouses wim at least one smoker naa more RSP tnan 
non-caroetee nouses witn at least one smoker (Taoie Iv),. out 
nouses of non-smokers witn carpet nao less RSP tnan nouses of 
non-smokers witnout carpets. 

nows witn not water heating witn w smokers nao 1 significantly 
nigner levels of R5P man nows neateo oy foreec air. «ows 
witn one or more smokers anc with not water nearing nao 
significantly nigner levels of PS? man nows neateo oy fereea 
air (Taoie v). 


StuCv II 

Inccor NO 2 concentrations were nigner in nows witn at, least 
one fireolice tnan in nows, without any fireoiace (wating Season 
oniy) (Taoie vl). Tnere was no effect of fireplaces on the mooor 
levels of 502. The iFiooor SPh concentrations were nigner in nows 
witnout fireplaces man in nows witn,fireplaces. 
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presence of smokers in the home had no effect on the 
conceptrations of SO? anc an inconsistent effect on noj levels. 
Inccor Sr* levels were nigner in nomes witn smokers. 

T ne -se of gas nesting on tne inooor levels snowed that tner* 
*ere nigner indoor noj levels («eating Season only; out lower y** 
levels fTaole fl) cowoared to nomes witn 0tner types of neating,. 

•*omes recortea as oeingiairtight dio not differ in their incoor 
53 ? levels from nomes that were resorted as permeable. Any 
differences ooserveo for inooor concentrations of NO2 ano y* were: 
inconsistent (Taole vl)'. 

The inoocr concentration of NO2 tenoeo to oe nigner in homes 
•ith more than t*o adults 1Taole vl). very little difference >as 
ooserveo for SO2. Tr* ooserveo aifferences in the concentration 
of 5 Pm «ere small ano inconsistent. The inooor concentrations of 
nQ> -ere nigner in nomes witn no children (Taole iv). no 
deferences were ooserveo for SO 2 anc any differences ooserveo for 

were inconsistent. 

Tne incoor levels of NO2 *® re iower for nomes that nao oets 
tnat would 50 in ana out of ooors (Taole vl). Pets nao no effect on 
Su2 cr 

no^es witn air^concitioners (Taole!VI) n*c lower N 0 g and S*« 
tnan nomes without air-concitioners. In this samole only, asthmatics 
nac air cleaners (Taole vl). The inooor concentrations of SF* were 
nigner in nome without air cleaners. 

Homes with carpets nao more SP* than homes without; there were 
no effects of carpets on SO2 ana NQj levels, nomes witn 
•ailoaoer nao lower SP* than homes without wallpaper; there were no 
effects of wallpaper on SO2 ana noj levels. Homes with soft 
furniture nac lower ^ ano nigner SP* than homes without soft 
furniture. 


CONCLUSION 

The levels of SO? were low Doth inside ano outside, ano the 
outdoor levels were generally higher than the irooor levels, with 
regards to NO 2 , gas stoves:were the major contrioutors to tne nign 
levels measured whereas snowing inooors was a very small 
contributor to NO 2 * 

Smoking accounted for tne high inooor levels of particulates, 
ano carpeted homes seemeo to have nigner levels of susoenoeo 
particulates. 

Crowding, air tightness ano pets nao no consistent effects on 
tne inooor pollutant levels. 
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TABLE I 


Nitrogen Dioxide Levels in Homes with Gas and Electric Stoves 
with and without Air Conditioning 
(Sunvnt r Level* Only ) 



Electric 

Cas 

Electric 

Gas 

NO. Ot 00*. 

i: 

- 

29 

7 

Geometric Mean 
tug* 

70. 9 

1*5. l 

81.3 

192.1 

Geometric 

Stancara Deviation 

2.00 

1.58 

1.70 

1.62 



TABLE M 



Sit roten 

Dioxide Levels in Homes 

without Can 

Stoves 


as a Function of Smoking 



Winter 

Summer 


Smoker 

So Smoker 

Smoker 

No Smoke 

Sov of obi. 

29 

12 

29 

12 

Geometric Mean 

(lyg/mij ) 

82.6 

7 5.7 

76. 1 

74.5 

Geometric 

Standard Deviation 

1.75 

1.23 

1.74 

1.93 

Unpaired t-te*t 

P<.00H 


PC .02 
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TABLE III 


Respirable Suspended Particulates Enposurt of Smokers and 
Non ir,o<trii » a Function rf Air Concuciunin ' AC) 

vSumner Levels Only) 

Zero Smokers At least one 



in i 

home 

Smoke r 

in r.orve 


AC 

No AC 

AC 

No AC 






No. of obs 

U 

IV 

VI 

25 

Geometric Mean 

Vu*/m3) 

34.3 

32.5 

80.5 

70.11 

Geometric 

Slanders Deviation 

Unpaired t-test 

1.60 

1.64 

P<.01 

1.40 

1.64 

P<.0C1 


TABLE IV 

Respirable Suspended Particulates Exposure of Smokers in 


Houses witn and without 

Smoker Home 

Carpet s 

Non Smoker Home 


Carpeted 

Non-Carpeted 

Carpeted 

Non-Carpeted 

No. obs. 

28 

8 

9 

7 

Geometric Kean 
(u|/«3 ) 

7 6.6 

70.2 

38.7 

53i7 

Geometric 

Standard Deviation 

1.68 

2.U 

1.91 

1.73 

Unpaired t-tett 


PC 001 


PC 001 
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TABLE V 


RSf *i a Function of Saofcint and Heating 


CcMitric Hun 
(u|/«?) 


Hfraet 

Suokar 

Hot Water forced Ait 


Non SHokcra 

Hot Water Forced Air 


64.8 57.1 66.7 37.7 


TABLE VI 

Pollutant Concentration ai a function of Sourcea 


Concentration (m/w3 




«°2 


»2 


SFH 


POLLUTANT SOUBCE 

TES 

HO 

TES 

HO 

TES 

HO 

e 

Firaplaca 

24 

17 

3 

3 


70 


Saoka ra in Hoaa 

25 

27 

3 



65 

* 

Caa Haatin* 

23 

16 

2 

3 


77 


Air Tithe 

26 

26 

6 


71 

70 


At least one child 

23 

31 

3 


71 

69 


Mora than 2 adulta 

31 

24 

3 


71 

70 


fata 

23 

29 

3 


71 

69 

•a. 

Air Conditioning 

35 

40 

2 

2 


79 

*«* 

Air Claanar 

27 

26 

1 

3 

63 

70 


Carpat 

26 

26 

3 

3 

73 

66 


Wallpaper 

27 

26 

3 



73 


Soft Furniture 

21 

30 

4 

2 


63 


♦ Haatift* Saaaon data only 
** Hon-heatin* ataaon data 
*** Aathaatic only 
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measurements of environmental tobacco smoke 

IN AN AIR-CONDITIONED OFFICE BUILDING 
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ABSTRACT 

This paper reports levels of nicotine, respirable particulates, carbon monoxide, carbon dioxide and 
volatile organic compounds measured in the air of smokers' and non-smokers' offices in a modern 
airreonditioned building. The results show very low levels of environmental tobacco smoke 
constituents, such as nicotine, present In smokers' offices. Moreover, the data show that smoking 
has little influence on the levels of volatile organic compounds found in the office air. 


INTRODUCTION 


Environmental Tobacco Smoke, ETS, Is the complex mixture of chemicals found in air as a specific 
r es u It of smoking (1). Some reports have claimed that ETS is harmful to the health of the non-smoker 
(2.3,4). This issue has been discussed by scientists and doctors for over a decade, and although 
knowledge has increased over this period, H IS still the subject of scientific controversy (2.5). The 
claims have primarily been based on combining the results of epidemiological studies that have 
all been statedito be, when taken individually, inadequate (2,3,4,6). Several experts in the field 
of low-risk epidemiology have stated that it is not possible to draw firm conclusions as to whether 
ornot ETS is harmful to the health of the non-smoker (5, 6, 7). 

Ih spite of the continuing debate, there have been calls for the Introduction of further restrictions 
on where smoking can take place (4,8). Much attention has recently focused on the work place, 
and in particular to the modem office environment. 


Ever since the energy crisis of the 1970's, many of the office buildings constructed inthe Western 


conservation. Often control over the amount of fresh air taken into the building Is determined! 
simply by the temperature measured at various points, 


It has been well documented that buildings release chemicals into the air (9). Building materials, 
furnishings and coverings, and the building occupants will all contribute to the chemicaliburden ot 
thooffice air (10): In extreme cases this may result in 'Sick Building Syndrome', where the occupants 
suffer symptoms and discomforts including headaches, burning eyes, irritation of the respiratory 
system, drowsiness, fatigue and general malaise (11), The causes of Sick Building Syndrome are 
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not entire*’/- defined., but are likely to be primarily exposure to bacter ia, moulds and lungi produced 
and circulated by poorly maintained ventilation systems, and exposure to volatile organic 
compounds produced by various sources (12. 13). 

The United States Environmental Protection Agency claimed, as part of the conclusions to their 
Total Exposure Assessment Methodology (TEAM) Studies, that the presence of ETS results in 
significantly higher levels of volatile organic compounds in air (14). Other authors, using similar 
methodologies , were unable to distinguish between smoking and nontsmoking environments when 
measuring; ambient volatile organics (15). 

This paper presents the results from an investigation of the air in offices in a modern air-conditioned 
building located in Southern England. Ten offices, of different sizes, population and density of 
smokers, were each visited on five separate occasions. On each occasion; measurements were 
made of levels of nicotine, respirable suspended particulates, carbon monoxide; carbon dioxide 
and volatile organic compounds in the air. 

THE BUILDING 

The building selected for this study is a 1970's built office block comprising of around 9300 square 
metres of floor space on 16 floors, and holding around 350 people. Although originally designed 
to be open plan, it has been modified over the years to incorporate a modular office design, though 
some open plan areas remain., 

Air conditioning is nominally the same in alt areas. There are two systems, one at the perimeter 
and one operating through the core of the building. Air for both systems is drawn from the roof 
where it is filtered and humidified. The perimeter system enters on each floor at vents positioned 
on window sills and exits through vents in the ceiling at the centre of the building. This system is 
monitored for temperature and relative humidity on three floors (floors 14,11 and 5), conditions 
being fed-back to a central controlling system. The volumetric flow rate for the perimeter system 
was 17.5 m? s ". With 544 vent outlets, the volumetric flow per module was 1.93 m 5 min ', resulting 
in a typical air exchange rate for each office of around 3 air changes per, hour. 

The core system operates through the centre of each floor, often in a corridor, at a total volumetric 
flow rate of 17 m’ s'' and is controlled by rheostats and motorised valves on every floor. A typical 1 
floor plan is given as Figure 1. 

FIGURE 1 v 


TYPICAL FLOOH PLAN OF THE BUILDING UNDER INVESTIGATION 
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Maximum possible recirculation is 84% (i.e. 16% incorporation of fresh air); though this condition 
is rarely used and recirculation rates vary throughout the day. The entire system is operated in a 
manner that minimises total energy costs. 


SAMPLING SITES 

10 offices were selected to represent the variety of environments within the building. This included 
open, plan space: single and multiple occupier offices, with different populations and numbers of 
smokers, as detailed in Table 1. 


TABLE 1: Details of Sampling Sites 


! Site Number 

i 

Floor 

Number of Occupants 

Approximate Size 
("»*) 

Non-smokers 

Smokers 

1 

12 

0 

1 

30 

i 2 

11 

0 

1 

60 

! 3' 

10 

3 

1 

115 

4 

9 

3 

0 

80 

5 

7 

29 

1l 

760 

6 

6 

2 

3 

180 

7 

5 

4 

1 

155 

8 

4 

3 

3 

90 

9 

4 

1 

j 0 

30 

TO 

11 

1 

0 

60 


• A 

A. 

,f 

'i 


Samples were acquired between 0900 and 1600 hrs. Each site was visited 5 times, each occasion 
for a particular office being at a different time of the day and on different days to avoid any bias 
from possible temporal vanations. So, for example, site number 7 was sampled between 14.40 
and 15.40 on day 3.10.20 and 11.20 on day 5, etc. 

Each sample was acquired for one hour, and the sample was taken as near as possible to the 
centre of the office and at approximately head height of a seated person. 

No smoker segregation is imposed in this building, and so smokers are free to visit and smoke in 
the ottices of non-smokers, As a general rule, this rarely occurred in the sites investigated 1 in this 
study. 


Analytical Considerations 

All of the analytical methods for the analysis of the components under investigation have been: 

previously detailed in the scientific literature. Briefly, the methods were; 

a) Nicotine: Airborne nicotine was collected by drawing, at a rate of 1 litre per minute, air 
through a sorbent sampling tube containing XAD-4 resin (20/40 mesh) (SKC. Inc.)(16,17) 
After sampling, the tube was capped and returned to the laboratory. The collected nicotine 
was extracted from the resin using a quantity of ethyl acetate, modified with 0.01% 
triethylamine (to prevent losses of nicotine to the glassware). Analysis was eflectrt’tjy 
capillary gas chromatography with nitrogen-phosphorous detection. With this flow rate, 
and sampling periods of one hour, detection limits equate to approximately 0.1 pg m* 
nicotine, 
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b) Respirable suspended particulates (RSP);: Airborne particulates were measured! by 
gravimetric analysis. Air (rom the environment was drawn at 2 litres per minute tnrough a 
lluoropore membrane filter (17) (Millipore UK Ltd) via an impactor separating at 3.5 microns 

' The litter was weighed on an electronic balance capable of resolving ±0:1 pg (Perkin- Elmer) 
before and after sampling, each time being conditioned first at 50% relative humidity, to 
arrive at the RSP measurement. 

c) Ultra-Violet Respirable Suspended Particulates (UV-RSP): In order to estimate the 
contribution of ETS to the total respirable particulates, each filter, after beingiweighed, was 
extracted with methanol and the resulting solution analysed for ils absorbance at' 325 nm 
This was achieved by injecting the solution through a columnless liquid chromatography 
system into a UV detector and integrating the resultant peak. Previous research has shown 
that it only ETS is present (i.e. in controlled conditions) then the calculated UV-RSP value 
is equivalent to RSP when using 1,1,2.2-tetrahydroxybenzophenone as a surrogate for 
calibration (18). In real-world environments. UV-RSP will give an over-estimate of the ETS 
contribution, as other sources may contribute chemicals cr'lected that also absorb at 325 
nm (19). 

d) Carbon monoxide (CO): The CO monitoring system consists of a constant flow sampling 
pump and a detector based on electrochemical measurements (supplied by Neotronics. 
Gaineville, GA)i Output from the detector was fed into a data logger (Campbell Scientific. 
Utah) which recorded signals every 30 seconds. Unlike all of the other measurements..CO 
analysis gave continuous real-time readings. Data given for each sample are the arithmetic 
mean of the readings over the sampling period. 

e) Carbon dioxide (CO*): DrSger tubes (CO, 0,01 %/a. CH30 801) were used to measure 
ambient CO, levels (DrSgerwerk. West Germany). This measurement was madsi 
approximately 5 minutes prior to the end of each sampling period. 

f) Volatile organic compounds (VOC): Volatile chemicals present in the air were coDected by 
drawing the air, using a fixed diaphragm pump at a rate of 10 cm* per minute, through a 
stainless steel tube containing the absorbent Ten ax TA (60 - 80 mesh) (20). After collection, 
each tube was capped and returned to the laboratory. Analysis of each sample required 
thermal desorption (using a Perkin-Elmer Ltd. ATD-50) for 20 minu>es at 240'C, during 
which time the eluted ohemicaJs were swept from the sampling tube to a cryofocusing trap 
maintained at -30"C and containing a small quantity of Tenax. After this primary desorption 
the cold trap was rapidly heated electronically to 24Q'C whereby the chemicals were 
effectively injected in a nanow band onto a capillary gas chromatography column connected 
to an ion trap detector (a bench-top mass spectrometer supplied by Perkin-Elmer Ltd.). 
The capillary column (30m, 0.32 pm ID, DB-5) separated the individual components, and 
the mass spectrometer both identified and quantified. For each chromatographic peak, 
compound identification was confirmed by Ks mass spectrum, and quantification used the 
base peak of the mass spectrum (e.g. benzene was quantified on the slgnaiidue to the 
m/z 78 ion). Calibration of this system required introduction of mixed standards of the 
compounds of interest injected at five different levels, each level In duplicate, onto a clean 
Tenax tube in order to run standards through the entire procedure. In order to check the 
performance of the instrument, a quantity of 2-bromonaphthalene{in methanol) was injected 
onto each tube prior to sampling. During sampling, the methanol eluted through the Tenax, 
but the 2-bromonaphthalene remained trapped lor subsequent thermal desorption. 

RESULTS AND DISCUSSION 

The data for all smokers’ a nd non-smokers' offices are given in Table 2. Arithmetic means, medians, 
minimum and maximum values are given I or each of the analytes. All data points from the total 
o' 50 visits aro included. Arithmetic means are generally of a higher value than mediansrJroto a 
skewed!distribution of values. 
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TABLE 2 


SUMMARY Of DATA FROM ALL SAMPLING SITES 
(Data In pg m * apart from CO and CO, which Is given in ppm) 




Site 1 

Site 2 

Site 3 

Site 4 

Site 5 

SHeS 

SMe7 

Site 8 

Silt* 9 

Site 10 

No. Smokers XlO’ro* 

33 

17 

87 

0 

13 

17 

6.5 

33 

0 

0 

NICOTINE 

mean 

0 

18 1 

36 

0.2 

1.2 

69 

2.1 

25 

05 

4 


modi an 

4.7 

18.1 

4.1 

0.1 

10 

60 

22 

24 

0.7 

1 4 


range 

2-19 

10-26 

15-5 

0 1-05 

0.62.1 

42*11.4 

1 2*3 1 

07 4 7 

0 108 

07 2 1 

RESPIRABLE 

mean 

97 

148 

91 

116 

97 

109 

80 

101 

52 

tie 

SUSPENDED 

median 

82 

138 

71 

71 

129 

70 

81 

80 

43 

83 

PARTICULATES 

range 

41*167 

91-225 

40-172 

69-208 

19-150 

43-210 

49-116 

67-199 

27 91 

67 200 

UVRSP 

mean 

23 

61 

7 

11 

8 

30 

13 

18 

3 

10 


median 

17 

69 


9 

7 

27 

13 

19 

3 

10 


range 

1-75 

29-72 

1-17 

2-15 

2*14 

21-49 

9-19 

4 28 

16 

5-17 

CARBON 

mean 

12 

1.4 

0.9 

1.4 

2.3 

18 

1.2 

10 

13 

10 

MONOXIDE 

median 

10 

1.4 

10 

1.0 

16 

12 

0.9 

1 0 

1 0 

1 0 


rang# 

0.9* 1.4 

10 20 

0 5*1.2 

0.7-3.6 

1 0*4.8 

1.0-26 

0823 

06 1 3 

07 22 

0.7*1 3 

CARBON 

mean 

730 

570 

520 

610 

560 

600 

610 

540 

520 

470 

DIOXIDE 

medUn 

600 

600 

500 

600 

500 

600 

600 

600 

500 

450 



450-1000 

500-650 

450-600 

500-600 

500-700 

550-700 

600-650 

450 600 

500 550 

450-500 

BENZENE 

mean 

10 

8 

7 

12 

21 

19 

15 

9 

15 

6 


medhm 

10 

8 

6 

9 

13 

• 6 

7 

5 

12 

5 


range 

5*14 

5 13 

3*14 

3-23 

649 

6-48 

5 46 

5 21 

9*31 

5*16 

CHLOROBENZENE 

mean 

02 

02 

0.2 

0.3 

06 

04 

04 

03 

07 

03 


medkm 

02 

02 

02 

03 

08 

0.3 

03 

0.3 

04 

02 


range 

0 1*0 4 

0 10.4 

0.1 0 5 

0 1*0.4 

0.1*1.0 

0 1*1 0 

0 111 

0 106 

03 2 | 

02 06 
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Site 1 

Silo 2 

Silo 3 

Site 4 

Sites 

Site 6 

Silo 7 

Silo 8 

Srte 9 

Silo 10 

N-DECANE 

mean 

6 

8 

8 

-mam 

9 

12 

7 

6 

to 



median 

4 

6 

5 


7 

15 

5 

3 

8 



range 

4 13 

1-18 

1-24 

BK 

2-22 

2-20 

2 16 

3 13 

6-16 


1.2D1CKIORO- 

mean 

0.3 

04 

0 4 

07 

07 


04 

1 H 

06 

0 7 

BENZENE 

n>edian 

02 

02 

0 3 

0.7 

0.7 

■ 

04 

BSB 

0 4 

06 


range 

0.20.6 

0.1 09 

02 08 

02-1.1 

02 1.4 

0.1 1 1 

0.1 0 7 


0 2 1 

0 4*1 0 

1 , 2 - DIC H LORO • 

mean 

■m 

9 

13 

12 

msm 

19 

16 

8 

msm 

15 

ETHANE 

medon 

BtSB 

8 

6 

12 

BOB 

19 

18 

9 

BBB 

15 


range 

MEM 

6-13 

4-37 

5-18 

msm 

5-39 

4 21 

3*12 

B 

5-19 

DOOECANE 

mean 

3 

2 

1 

1 

1 

2" 

mgm 

2 

2 

3 


medUn 

2 

^ 2 

1 

1 

1 

2 


1 

2 

1 


range 

WmBM 1 

12 

12 

02*2 

mssm 

0.6-3 

mnm 


1*3 

111 

ETHYL* 

mean 

mam 

4 

* 

r 

mnm 

54 

6 

mnm 

5 

mm 

BENZENE 

median 


3 

3 

4 


52 

4 


3 



range 

m&m 

3-8 

2 4 

M3 


11*122 

3*15 

wmmm 

3 13 

KB 

UMONENE 

mean 

7 

4 

3 

mm 

5 

mem- 


3 

4 



median 

6 

4 

2 

9Q| 

6 

bob 


3 

4 

2 


range 

4*11 

28 

2 8 

mnm 

1-9 

msm 


2 6 

2 9 

1*3 

N-OCTANE 

mean 

2 

2 

2 

2 

mom 

312 

5 

4 

4 

6 


medtan 

2 

2 

2 

2 

bob 

485 

2 

5 

4 

2 


range 

2*3 

1*2 

1*3 

1-3 

mulm 

22 528 

2 9 

2*5 

2 6 

1-15 

a-PINENE 

mean 

2 

3 ' | 

2 

5 

6 

5 

'mnm, 

3 

4 

5 


median 

2 

2 

2 

4 

6 

3 


3 

3 

4 


range 

1*4 

1-7 

1*4 

2-8 

2 11 

3 11 

HESfli 

2 5 

3 7 

2 7 

STYRENE 

mean 

6 

9 

7 

11 

27 

17 

19 

10 

26 

16 


median 

5 

8 

4 

12 

42 

6 

13 

10 

15 

15 


range 

2*16 

4-17 

321 

6-16 

4*50 

4 53 

3 59 

3 20 

7 79 

4 28 


I 
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TABLE 2 CONTINUED 



Site 1 

Sit* 2 

Site? 

Site 4 

Sile 5 

Site 6 

Site 7 

Silo 8 | 

Site 9 

Sit* 10 

TETRACHIOR* 

mean 

2 

3 

2 

3 

3 

3 

3 

mam 

4 

3 

ETHENE 

median 

2 

3 

2 

2 

3 

2 

3 


4 

2 


range 

13 

16 

14 

1-0 

15 

1*5 

2 6 

mem 

3 5 

1*5 

TRICHIORO- 

mean 

4 

3 

3 

2 

9 

3 

5 

5 

6 


ETHENE 

median 

4 

3 

2 

1 

5 

2 

1 

4 

4 



range 

2-5 

2-5 

1-8 

0.26 

2 19 

0 1-10 

05-19 

2 12 

1*14 

siKH 

TOLUENE 

mean 

24 

22 

27 

27 

32 

■M 

35 

23 

25 

25 


median 

24 

22 

23 

20 

25 

■ 

22 

22 

22 

20 


range 

10*27 

10-36 

11 27 

7-65 

19-68 


15 98 

20 25 

16-46 

17-34 

UNDECANE 

mean 

5 

'wmm 

mam 

mm 


6 

5“ 

mm 

7 

mm 


median 

4 





7 

4 


7 



range 

38 

mm 

■PIE 

uDlH 

2*8 

2-10 

2*12 


5-12 

WBM 

2VINU- 

mean 

mam 

_____ 

mam 

■s 

6 

mam 

2 

i 

3 

mam 

PYR10INE 

median 


■ 

mBm 

■ 

2 

HEuH 

2 

09 

1.4 

■ 


range 

Mam 

ai-4 


0.1 3 5 

0.1-23 

m&Esm 

0.4 5 

03 2 

0 6-7 

ms 

O-XYLENE 

mean 

1 

8 

6 

11 

24 

33 

12 

9 

11 

14 


median 

6 

6 

6 

11 

21 

25 

12 

6 

7 

10 


range 

4-11 

4-15 

3*9 

522 

8*50 

10-68 

4-24 

5 19 

527 

6 25 

M/P XYLENE 

mean 

35 

36 

20 

60 

mm 

191 

60^ \ 

45 

69 

61 


median 

26 

24 

17 

66 


149 

60 

33 

37 

09 


range 

IB-6? 

14-03 

15-55 

23 94 


49*328 

14-130 

17 92 

25-170 

31-130 













Poot*d VOCV 

mean 

139 

_ 148 

117 

164 

291 

822 

206 

141 

214 

201 


median 

110 

126 

92 

156 

271 

098 

160 

119 

154 

181 


‘Pooled VC^C's is the sum ol the concentrations ot all volatiles specifically identified |n this study. It is not a measure of total volatiles. 
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Ih order to assess the worst and best air quality for both smoking and non-smoking: situations. 
Table 3 presents individual values lor the minimum and maximum RSP observed ftor smokers 
offices and for non-smokers! offices. So. for example, the minimum smokers’ offices' dfta in the 
first column presents all of the analyte values for the single visit that gave the minimum RSP value 
(40ugm ’). For this, data from Site 5. which is an open-plan space with one smoker and twenty-nine 
non-smokers, has been excluded from the considerations in order not to bias the comparisons 

Table 4 presents the same evaluation, except that it is based on the single visit corresponding to 
the minimum and maximum GO value observed. 

The data is best evaluated by considering each analyte, or group of analytes, m turm 
Nicotine 

In smokers’ offices the median airborne nicotine level was 3.* jig m J (range 1 0.6 to 26 >g m 5 ). 
From Table 2 it can be seen that the highest median for an individual site was 18.1 ug m 1 for Site 
2. whilst the lowest median was 1.0 jig m’ 1 tor Site 5. The nicotine data is of a similar order, though 
slightly lower in magnitude, as compared to other studies ot offices (19. 21, 22). Numbers of 
cigarettes smoked during each visit were not indentified in this study, because we did not wishto 
influence the occupants behaviour by either observing or questioning, The data show little 
correlation between nicotine levels and numbers of smokers present, or between nicotine levels 
and smoker density (the number of smokers present divided by the size of the room). 

Some nicotine was found in the air ot non-smokers’ offices, though this was at a low level with a 
median value of 0.6 jig m 1 (range 0.1 to 2.1 jig m’*). Site 4 gave a median nicotine value ofO.1 
jig m 1 . whilst Site 10 gave a value of 1.4 jig m*. Site 10 had been occupied by a smoker up to 
one week prior to the start of this investigation and hence it is possible that this level is due to a 
re-emission of nicotine from the furnishings. It is also possible that some nicotine is transferred 
through the air-conditicning system, or that unknown to us, a smoker occasionally visited this site. 

RSP and UY-FSP 

The RSP median value in smokers’ offices was 91 jig m * (range 19 to 225 jig m 1 ). The UV-RSP 
median value, which is an estimate of the possible ETS contribution to RSP, was 24 jig m* (range 
1 to 75 jig m *). 

Median values of RSP for each smoking site correlated poorly (0.522) with corresponding nicotine 
values. However, median UV-RSP values, again for each smoking site, gave an excellent 
correlation (0.962) with corresponding nidptine values; This indicates that the sum of the other 
particulate sources in this building is far more significant than the contribution from ETS (which 
may be, in smokers' offices, of the order of 30% of the total). 

Data from non-smokers' offices yields a median RSP value of 71 jig m * (range 27 to 208'tig m 1 ). .. 
Some' UV-RSP was also observed, with a median of 8.8 jig m * (range 1 to 17 jig mr). The 
non-smoking Site 10 had a higher median RSP than smoking Sites 1.3. 4,6. 7 and 8. though the 
median UV-RSP for Site 10 was only higher than smoking sites 3 and 5. 

Interestingly, Site 5 (the open plan area with 29 non-smokers and one smoker); had a higher thani 
average median RSP value (129 jig m'*) but a lower than average UV-RSP vbIub (7 jig m *).,. 
indicating a significant non+ETS particulate source in this area. 

The comparison of minimum and maximum RSP visits for smokers' and non-smokers' offices 
(Table 3) is interesting. Overall, there is a tendency for analyte levels to increase corresponding 
to the increase in RSP value. The increase is not of the same order of magnitude (apart from 
nicotine and UV-RSP in smokers’ offices). Comparing benzene levels, for example-Hwe is an 
increase from 4 to 8 jig m 5 in smokers' offices, and an increase from 15 to 18 jig nv’in non-smokers! 
offices. 
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TABLE 3t Data from a single visit corresponding to the minimum and the maximum RSP 
value obtained*, separate ty smokers' and non-smokers’ offices. 

(Data in jig m’ 1 , apart from CO and CO, which is given in ppm) 



Smokers' Offices 

| Nbn-Sfnokers'Offices 

Minimum 
(Site 3) 

Maximum 
(Site 2) 

1 Minimum 
| (Site 9) 

Maximum 
, (Site 4) 

Nicotine 

1.5 

! ii 

mm 

0:1 

Respirable suspended 
particulates (RSP) 

40 

! 

225 

B 

208 

UV-RSP 

! 3 

72 

3 

4 

Carbon monoxide 

0.8 

1.0 

! . 2.2: n 

1.0 

Carbon dioxide 

550 

500 

500 

600 

Benzene 

4 

8 

15 

18 

Ch.'jrobenzene 

0.1 

0.3 

0.4 ' 

0.3 

n-Decane 

24 

4 

8 

5 

1.2* Dichlorobenze ne 

0.2 

0.5 

0.4 

0.7 

11,2-Dichtoroethane 

4 

10 

20 

18 

Dodecane 

2 

2 

... ...i 

1 

i 2 - 

Ethyl benzene 

3 

8 

3 

5 

Umonene 

3 

4 

4 

4 

n-Octane 

3 

2 

4 

2 

a-Pinene 

1 

7 

! 3 

8 

1 Styrene 

4 

15 

10 

12 

Tetrachloroethene 

3 

6 

4 

8 

Trichloroethene 

I 2 

5 

1 

0.2 

Toluene 

n 

36 

23 

25 

Undecane 

8 

j 3 

6 

4 

2-Vinyl Pyridine 

0.5 

0.3 

1.3 

0.3 

o-Xylene 

6 

15 

7 

11 

m/p-Xylene 

r i6 

83 

33 

81 


* Site 5 has been excluded from consideration 
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Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 





















































































TABLE 4: Data from a single visit corresponding to the minimum and maximum CO value 
obtainedr. separated by smokers' and non-smokers' oflices 
(Data in Jig m^apart from CO and COj which is given in ppm) 



Smokers'Oflices J 

Non-Smokers’ Offices 


Minimum 
(Site 3) 

Maximum 
(Site 6) 

Minimum 
(Site 9) 

Maximumi 
(Site 4) 

Nicotine 

2.0 

4.2 

0;8 

Oil 

Respirable suspended 
particulates (iRSP) 

50 

33 

43 

71 

UV-RSP 

6 

21 

6 

9 

Carbon monoxide 

0.5 

3.4 

0.7 

316 

Carbon dioxide 

600 

700 

500 

800 

Benzene 

6 

46 

12 

23 

Chlorobenzene 

0.2 

0.5 

0.6 

0.4 

n-Deeane 

r* 

C, 

20 

i 7 

5 

1 1.2-Dichlorobenzene 

0.2 

0.1 

0:9 

1.1 | 

t .2-Dichloroethane 

4 

39 

19 

12 

DndBcane 

1 

3 

3 

1 

Ethyl benzene 

2 

54 

4 

13 

Limonene 

2 

4 

5 

2 

n-Octane 

2 

485 

5 1 

2 

a-Pinene 

1 

6 

6 

7 

Styrene 

3 

IS 

19 

16 

T etrachloroethene 

1 

5 

4 

4 

Trichlofoethene 

0.5 

10 

4 

i 

Toluene 

22 

292 

22 

65 

Undecane 

2 

10 

7 

j 8 

2-Vinyl Pyridine 

9 

0.6 

3 

4 

o-Xylene 

! 4 

41 

11 

22 

m/p-Xylene 

17 

149 

68 

94 
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Repare and Lowrey (23) have suggested that a typical non-smoker working in an office building 
m me US (generally air-conditioned), would be exposed to average concentrations of particulates 
due specifically to ETS of 242 pg m J (range 100 to 1000 pg m*). On this basis, these authors 
proposed numbers of doalhs in non-smokers due to exposure to ETS in the workplace and 
suggested that workplace smoking restrictions should be introduced. Our data, acquired mi a 
relatively wen ventilated but not untypical U K. office building, suggests average ETS particulate 
levels some 1.0 limes lower than those given by Repace and Lowrey; UV-RSP values inoursiuoy 
lor smokers' offices being 24 pg m 5 (range 1 to 75 pg m 5 ). 

It is known that Repace and Lowrey did not take into proper account particulate sources other than 
ETS. but rather suggested that ETS was the mapr source of particulates. Our study suggests 
that this might nol be so The work of other researchers in the U S also suggests that the Repace 
and Lowrey data may be a gross over-estimate (24). 

Carbon Monoxide 

Median carbon monoxide levels were 1.1 ppm (range 0.5 to 3.4 ppm) for smokers' offices, and n.O 
ppm (range 0.7 to 3.6 ppm) for non-smokers’ offices, 

Comparing median values fbr each office. Site 5 has the highest at 1.6 ppm. This is associated 1 
with a relatively high RSP value and a relatively tow UV-RSP value for this Site, indicating ia source 
other than ETS being responsible. All other sites were found to have similar median CO levels 
(range 0.9 to 1.4 ppm). 

For smokers'offices alone, and excluding Site 5, thore was a relatively good correlatton between 
median CO level for each site and both the corresponding nicotine level I (corr. 0.929) and the 
corresponding! UV-RSP level (corr. 0.924). This correlation was not so well defined for 
corresponding! RSP values (corr. 0.752). This suggests that ETS is contributing to the CO level 
in smokers’ offices, though this contribution seems to be of the order of 0.1 to 0.4 ppm. 

Table 4 compares four individual visits corresponding to minimum and maximum CO values for 
smokers' and nontsmokers’ offices. For smokers’ offices the increase ini GO from minimum to' 
maximum corresponds to increases in many of the other analytes. However, Site 6 (wherethe 
maximum CO level was observed) was a drawing office where many print materials were being 
used, and so this confounds the interpretation. For non-smokers’ offices, the CO level: increase 1 
from minimum to maximum corresponded to an increase in particulate. CO,and some (but not all) 
aromatic VOC levels, but a decrease in hydrocarbons and in some chlorinated VOCs. 

The relatively tow CO levels observed may, in part, be due to the fact that: air is drawn into the 
building from roof level, well away from the traffic circulating the building, 

Carbon Dioxide 

Median CO, levels for all smokers' sites was 600 ppm (range 450 to 1000 ppm) and 500 ppm 
(range 450 to 800 ppm) for non-smokers' offices. These levels suggest that the building is relatively 
well ventilated. 

Comparing medians tor each site office. Site 1 (a small office occupied by a single smoker) 
consistently had higher levels of CO* than other sites. A comparison of Site 1 with Site 9 (a similarly 
small officeoccupied by a single non-smoker) suggest that the high CO, levels in Site 1 are nol a 
simple correlation with size of room. It was noticed, however, that in Site 1. ventilation inlets at 
the window sills were significantly obstructed and this may be of importance. 
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Volatile brganic Compounds 


Some 18 VOC's were quantified in this study. One of the most interesting is benzene. The EPA s 
TEAM study (14) has suggested that ETS is a major source ol benzene in indoor air Our data 
trom this office building does not confirm that suggestion. The median benzene leveiim smokers 
ortices was 8 Mg m 3 (range 3 to 49 m 9 m J ), whilst the median benzene level in non-smokers 
offices was 10 m 9 m 5 (range 3 to 31 pg m J ). The difference in benzene levels between:smoker 5 
and non-smokers offices was not statistically significantly different at the 95% confidence limit 

It is tbund that there is poor correlation over individual smokers' offices (excluding Site 5) between: 
median benzene levels and median nicotine (corr. 0:324) or between:median benzene levels and: 
median UV-RSP (corr: 0.243), Looking across all offices. Site 5 has the highest median benzene 
level (13 m 9 m J ) with Site 9 the second highest (12 jig m J ). 

The absolute levels of benzene found in this study are similar to that found in the TEAM study, but 
the conclusions on what is the major source of benzene are quite different. 

Comparing all of the median VOC values in Table 2. 9 VOC's are higher in .lomsmokers' offices. 
7 are higher in smokers' offices and 2 are similar in both situations. However, levels are very 
similar for all VOC’s comparing smoking and non-smoking offices. There is no indication that the 
presence of ETS is associated with significantly increased levels of VOC’s in this office environment. 

Comparing median values across individual sites, two offices stand out as being unusual. Site 5. 
which has relatively high RSP and CO values and low nicotine and UV-RSP values, has higher 
than average levels of benzene; styrene, o-and m/p-xylene, and chlorobenzene No obvious source 
for these levels was identified (tobacco smoking was dearly not a major source). It is possible 
that this open plan area was not ventilated as efficiently as the smaller offices, though CO, levels 
do not confirm this. 

Site 6 is also unusual. Much higher than average levels of n-decane. n-octane, ethylbenzene, 
toluene and xylenes were identified. The source of these chemicals is clear. Th>s site is a drawing 
office working with various inks and printing material, and located adjacent to rooms processing 
photographic materials. Hence when pooled VOC’s are calculated by adding the median 
concentrations ol all the VOC’s (including nicotine) together, Site 6 is seenito contain aroundl9 
times more VOC's than many of the other offices. 

It should also be noted that the peak toluene value averaged over one of the hour long visits to 
Site 6 was a quarter ot the odour detection limit, and the peak stryrene level of 79 p 9 m * was 
equivalent to the odour detection limit This styrene level was observed on just one occasion in 
Site 9 (nonsmoking, single occupant) and was also associated with higher than averaged levels 
of benzene, chlorobenzene, ethylbenzene, toluene and xylenes. 

In order to illustrate the number of volatile chemicals present in the air of smokers’ and non-smokers' 
offices, Figure 2 compares chromatographic profiles taken in Site 3 and Site 4. The two 
chromatograms may be directly compared as the 100% ion count has been adjusted for th 9 volume 
of air sampled in each visit. It Is clear that the chromatograms are similar, apart from the peak 
corresponding to nicotine (representing 5pg m'*) being present in the sample from the smokers' 
office. 
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Flgurt 2 

CHROMATOGRAPHIC PROFILES OF 


TOTAL ION COUNT 


ONE SMOKER IN 



TOTAL ION COUNT 


NO SMOKERS IN 
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CiGarette Equivalent Calculations 

Some authors ;17. *.9). have attempted to out the levels of £TS: constituents mtc perspective 
"'•c-or' ciparerte eauivaient caiculatiOhs. This exercise tav.es the median value of a constituent: 
t-c- as: n.coJine or UV-RSP ana assumes that this is tne constant exposure. A tvp>caf breathing; 
•ate ar>c a time of exposure (e.g the time spent in the office each day) is then used to arrive at a 
C3nv exoosure to the constituent. This is then compared to the delivery of the relevant constituent 
inicot.-ne or paniculate matter) that would be obtained from smoking one cigarette Such 
calculations are strictly an estimate of exposure and not dose, are only relevant to the quantified 
constituent and not total ETS. and taka no account of the differences between breathing air and 
innaimgismoke; However, with these facts noted, the calculations are still of interest. 

So. if wo assume a typical breathing rate at light work for a male adult of 1 08 m’ h’ and for a 
female adult of 0 62 m’ h 1 (24, 25). an exposure time of 7 hours per day. 5 days per week, and 
typicaii mainstream deliveries from U K. style cigarette of 1.3 mg per cigarette nicotine and 13.6 
mg per cigarette particulates, then cigarette equivalent calculations can be made. 

For nicotine, taking the median airborne nicotine value for smoksrs’ offices as 3.1 pgm ’. then a 
non-smoker present all day in the office would, on this average, be exposed to the equivalent of 
0 018 of a cigarette (male) or 0.010 of a cigarette (female). This means that a male non-smoker 
would have to work in the smoker's office for over 11 weeks before being exposed to the equivalent 
nicotine as from smoking one cigarette. For females, this time would have to be 20 weeks. In 
other voids, a female non-smoker would hav6 to work for over seven and one half years in the; 
smoker's office before being exposed to the equivalent nicotine of smoking a pack of 20 cigarettes. 

This is based on the median value. Even for the office with the highest median airborne nicotine; 
(Site 2. 18.1 pg m ’ nicotine): the nicotine cigarette equivalent values are 0.105 cigarette per day 
(male) or 0.06 cigarette per day (female). 

If> the calculation is based on UV-RSP as being an estimate of the ETS contribution to respirable 
particulates and taking the median value from smokers’ offices as 24 ng m ’. then the non-smoner 
working ail day in the smoker's office would be exposed to the equivalent particulates of 0.013' 
(maie) or. 0.0077 (female) cigarettes per day. This again would result in a male non-smover working 
in the smokers' office for 15 weeks before being exposed to the equivalent particulates as smokingi 
one cigarette. For lemafes this equates to almost 26 weeks. 

The highest median UV-RSP (Site 2,69 pg m *) results in particulate cigarette equivaJents of 0.038 
cigarettes per day (male) or 0.022 cigarettes per day (female). 

These calculations simply serve to illustrate that levels of ETS constituents in the smokers' offices 
of this relatively well ventilated building are extreme!/ small. 

CONCLUSIONS 

This investigation of chemicals in the air of smokers' and non-smokers' off-cos iis an air-conditioned 
building results in several conclusions. 

v. The levels of constituents related to ETS (nicotine and UV-RSP) in smokers' offices were 
found to be low, both in terms of industrial time weighted exposure limits and in comparison 
to other chemicals present in the air. 

2 . Ih cigarette equivalent terms. a non-smoking male would have to werk in a sm oker’s office 
tor an average 1 weeks before being exposed to the nicotine equivalent ot one cigarette 
Based on particulates . this time extends to 15 weeks. For females, this equates io 23 
weeks (based or. nicotine) or 26 weeks (based on particulates); 
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3i Both medians and ranges of ETS-related particulate levels are some ten times lower than 
those suggested by Repace and Lowrey (23) to be typical of U.S. office buildings. 

4. By comparing smokers' and non-smokers' offices, and by observing values obtained:for 
RSP and UV-RSPl it seems that, in this environment, ETS was a minor contributor to 
respirable particulate levels in air. 

5 The presence of ETS resulted in a slight increase in CO levels, of the order of 0.1 ppm. 

6. ETS did not significantly contribute to levels o' volatile organic compounds in office air. in 

direct conflict with the findings of the U.S. EPA TEAM study (14), our research suggests 
that tobacco smoking does not result in significant increases o< compounds such as benzene 
in office air. 

# 
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removed by diffusion and other mechanical collection mechanisms, are effectively 
captured by electrosiatic forces. 
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Results from Surveys of Environmental Tobacco Smoke 
in Offices and Restaurants 

G.B.OIdakcr III, P.F.Pcrfctti, F.G,Conrad Jr., J.M. Conner, 
and R. L. McBride 


Summary 

Surveys were conducted In several major cities in order to estimate the exposures of 
occupants in offices and restaurants to environmental tobacco smoke (ETS). Concentra¬ 
tions of ETS were estimated by measuring vapor phase nicotine and ultraviolet 
particulate matter, an empirically derived parameter providing an upper limit for the 
contribution of ETS to respirable suspended particles (RSP). Area samples were 
collected with portable air sampling systems (PASS), which are battery-powered devices 
contained in otherwise ordinary briefcases, a design allowing sampling to be performed 
unobtrusively. Nicotine was determined with gas chromatography and nitrogen specific 
detection. UV-PM was determined spectrophotomctrically by analysing methanolic 
extracts of RSP collected after separation at 3.5 pm with an inertial impactor. For offices, 
mean concentrations of nicotine, UV-PM, and RSP were 4.8, 27, and 126 pg/m\ 
respectively. Mean concentrations of nicotine, UV-PM, and RSP for restaurants were 5.1, 

36, and 126pg/m\ respectively. 

Within the past decade, environmental tobacco smoke (ETS) has emerged as a 
major issue within the general subject area of indoor air quality. The issue has 
acquired increased attention owing to recent reports by the U.S. Surgeon General (28) 
and the National Academy of Sciences [5J. Reviewing results from epidemiological 
investigations, these two bodies concluded that there exists a causal relation between 
exposure to ETS and incidence of lung cancer. WMRMN MNKclM coWtfO-* 
wny for several reasons: result* of the I nv e t tlgt flom vary in terms of epidemiological * 
and statistical significance and overall quality; relative risks Indicated are low within o 
lilt context of tpnoemtmo^m mopmioiXi conmtcni oom -rupmt ixiiuoftwiipt ^ 
are not o b s er ve d (with dose inferred from q u mluunal tm reg arding spouses' smoking * 
behavior); and the experimental designs of the Investigations admit the strong * 
possibility of influence by biases and confounding. A scientifically rigorous approach 
to clarify controversial issue calls for quantifying exposures and doses of the subject 
populations either included in or affected by epidemiological investigations (4|. 
Toward this goal, scientists with the tobacco industry Have been engaged in develop¬ 
ing and applying sampling technologies and analytical methodologies for assessing 
exposures to ETS in indoor environments. This paper summarizes progress in 
connection with surveying exposures in offices and restaurants, two important, public 
environmental categories. Results from one of the several surveys conducted have 
been presented earlier by Conner et al. [7). 
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Experimental Method 

Surveys were performed in four major cities in the U.S. and Canada during the spring, 
summer, and autumn months. The cities all have populations greater than 100,000. At 
least 30 samples were acquired for each environmental category in each city. Offices were 
surveyed in all cities; restaurants were surveyed in three cities. Sampling was conducted 
either by scientists with the tobacco industry or by independent contractors. 


Selection of Sampling Sites 

Offices were selected based upon the criterion that they be shared by two or more persons 
of whom at least one smoked. Office managers were informed of this criterion and given a 
description of guidelines regarding appropriate sampling locations. These guidelines 
were contained in a protocol prepared as part of the overall project effort. Based upon 
these, managers selected offices to be sampled. Sampling was performed during normal 
business hours. None of the offices had smoking restrictions. 

Restaurants were selected from listings contained within telephone directories. 
Sampling was performed during normal lunch and dinner hours. None of the restaurants 
had smoking restrictions. 


Selection of Sampling Locations 

Sampling locations within offices and restaurants were selected based upon a protocol's 
guidelines, which were derived from those described by Nagda and Rector [19J. The 
protocol was prepared in response to recommendations of the American Chemical 
Society f I ] and, in addition, was patterned after quality Assurance Project Plans required 
by the U.S. Environmental Protection Agency for projects conducted by them (21J. 


Sample Collection 

Area samples were collected with Portable Air Sampling Systems (PASS) (16), which 
from the outside appear to be ordinary briefcases. During operation the PASS remains 
closed. An on-off switch is located beneath the briefcase's handle, and inlet and exhaust 
ports are fashioned of brass to match the briefcase's normal hardware. With these 
battery-powered devices, integrated samples are obtained for determining concentra¬ 
tions of vapor phase nicotine, respirable suspended particles (RSP), and ultraviolet 
particulate matter (UV-PM), an empirically defined measure providing an upper estimate 
of the contribution of ETS to RSP. Eudy et al. [9] and Eatough et al. (8) have reported 
that at least 90% of nicotine associated with ETS is in the vapor phase. The PASS is also 
equipped with three monitoring devices including a carbon monoxide monitoring 
system, a thermistor, arid a pressure transducer, the latter two which enable volumetric 
results to be adjusted to actual conditions of temperature and pressure. Data provided by 
monitoring devices are) stored in a data logger. (Efforts to reduce and interpret carbon 
monoxide data are in progress; consequently, carbon monoxide measurements arc not 
discussed further here.) 

The PASS'S nicotine sampling system includes a sorbent tube containing X AD-4 resin 
connected with a short section of rubber tubing to a constant flow sampling pump 
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operated at 1 l/mln. The major components of the sampling system for particulate matter 
species are an inertial impactor separating at 3.5 pm, a filter assembly housing a 
Tluoropore membrane filter, and a constant flow sampling pump operated at 2 t/min. 
The inertial impactor is sized to correspond to that employed in piezoelectric balances 
manufactured by TSI, Inc., St. Paul, MN. 

Samples were collected for a minimum of 1 h in order to provide adequate material for 
the gravimetric determination of RSP. 


Analysis 

Nicotine was analyzed with a method representing an enhancement of the method 
employed by the U.S. National Institute of Occupational Safety and Health (NIOSH) 
120}. This enhanced method, which entails gas chromatography and nitrogen specific 
detection, has been described by Ogden et al. (22|. The gravimetric method for 
determining RSP was derived from the method described by Treitman et al. [27 J. UV-PM 
was quantified according to the method described by Conner et al. [6|. For this method, 
filters employed for the RSP determination are extracted with methanol and the 
absorbance of the methanolic extract is measured spectrophotometrically at 325 nm. 
Masses of UV-PM are then interpreted with a standard calibration curve obtained from 
generating known concentrations of ETS in an environmental chamber [12], The 
methods for determining RSP and UV-PM have been shown to be unbiased relative to 
piezoelectric balances 114). 

To ensure further the quality of results, collaborative tests were conducted involving 
laboratories engaged in the surveys. Results from these tests have been reported by 
Ogden and Conner [23). 


Results and Discussion 

Data from determinations of nicotine, UV-PM, and RSP for restaurants and offices 
associated with each city were analyzed statistically. These analyses indicated that each 
data sd associated with each city was distributed log-normally. Moreover, these analyses 


Table f. Summary of results for measurements of ETS in offices and restaurants. Concentrations in 
pg/m s 



Nicotine 

UV-PM 

RSP 

Offices 

Mean 

4.8 

27 

126 

Range 

0-69.7 

0-287 

0-1,088 


(n « 136) 

(n w 125) 

(n = 131) 

Restaurants 

Mean 

5.1 

36 

126 

Range 

0-23.8 

0-184 

0-685 


(n m 170) 

(n = 12) 

r-i i 

•© 

II 

c 
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showed that no statistically significant differences existed among the data sets for the 
cities. Consequently, results for each analyte were pooled and geometric means were 
computed. Results for offices and restaurants are summarized in Table 1. 


Offices 

For offices, nicotine results are consistent with those previously reported. Hammond et 
al. [11] found concentrations of nicotine in offices that ranged from 3.1 to 28.2 pg/m 3 . 
These researchers used personal sampling devices that collect nicotine on Teflon-coated 
glass fiber filters treated with sodium bisulfite. Muramatsu et al. [17,181 employ personal 
sampling devices utilizing Uniport-S coated with silicon OV-17 for the collection of 
nicotine. They reported average nicotine concentrations ranging from 5.9 to 22.2 pg/m’ 
for 8-h-samples collected in three offices. Weber and Fischer [29J reported much lower 
concentrations of nicotine in offices. These researchers, however, employed Cambridge 
filters to collect nicotine, and as Badre et al. [3] have observed, substantial tosses of 
nicotine occur with this procedure. 

The mean concentration of RSP, 126 |ig/m\ ■* well as the range of concentrations, 0 
to 1,088 Mg/m 9 * are comparable to results reported by Weber and Fischer [29]. Using a 
piezoelectric balance, these researchers reported mean and maximum RSP concentra¬ 
tions of 170 and 1,130 pg/m 3 , respectively, for samples collected in 44 workrooms. This 
same measurement technique was used by Quant et al. |2SJ who reported average 
concentrations of RSP ranging from 36 to 89 pg/m 3 during daytime periods in three 
offices. 

The UV-PM results strongly suggest that a substantial portion of the RSP measured 
originates from sources other than ETS. Thus, based upon comparisons of the tabulated 
means, UV-PM represents about 20% of the RSP. This observation points to RSP’s lack 
of specificity and therefore its general inappropriateness for use as an indicator of ETS in 
settings outside of the laboratory. 


Restaurants 

Results associated with restaurants are also consistent with results previously reported. 
Muramatsu et al. [17] collected eight l-h-samples in five restaurants; they reported mean 
and maximum nicotine concentrations of 14.8 and 27.8 pg/m 3 , respectively. (Hinds and 
First [13] used Cambridge filters to collect nicotine and reported much lower 
concentrations of nicotine in restaurants. However, as was noted above, their results are 
presumed to be biased owing to low collection efficiencies of the Filters.) 

Survey results for RSP are comparable to results reported by Repace and Lowrey [26], 
who surveyed RSP with a piezoelectric balance in 10 restaurants. RSP concentrations 
ranged from 29 to 414 pg/m 3 for 13 sampling periods of times ranging from 2 to 40 min. 
These researchers attempted to assess the contribution of smoking to indoor concentra¬ 
tions of RSP and tademonstrate the validity or a model for estimating such contributions 
based upon numbef of occupants and room volume. A mean RSP concentration of 42 pg/ 
m 3 was found in n«moking sections and places where smoking was not seen to occur, in 
places where smoking occurred, a mean RSP concentration of 171 pg/m 3 was found. 
Although smoking was observed in all the restaurants surveyed by us, smoking was not 
continuous. Thus, mean results would be expected to fall between these two means, as 
indeed is the case. 
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The UV-PM results for restaurants are similar to those of offices. Thus, relative to the 
tabulated mean RSP, UV-PM makes about a 30% contribution. 


Estimation of Exposure to ETS 

i fa *y » show maarTwIcodrse Whrhmdn 

order to place these results in a more convenient form for discussion and interpretation, 
many researchers have employed the cigarette equivalent concept [13, 17, 24, 26, 29]. 
Assumptions amending use of this concept have been described [28]. Here, exposures are 
estimated from the mean nicotine concentrations reported in Table 1. (Exposures 
estimated from mean nicotine concentrations are higher than those computed from UV- 
PM results, with the assumption made that UV-PM is equivalent to "tar" as defined by the 
Federal Trade Commission.) Also assumed for estimation of exposures are a breathing 
rate of 8.61/min, which corresponds to miscellaneous office work [2J, and a U.S. sales 
weighted average *«qtfttfeiit cigarette" delivering 0.88 mg nicotine [ 10,15J. According¬ 
ly, estimated mean exposures for an eight-hour work day in an office is 0.02 cigarette 
equivalent and for a 1-h meal in a restaurant, 0.003 cigarette equivalent. 
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Strategy Tor Future ETS Exposure Measurements Relative 
to Its Transient Nature and Other Indoor Air Pollutants 

I. O’Neill 


Introduction 

From the outset, it has not been possible to relate exposure to individual components of 
mainstream (MS) and environmental tobacco smoke (ETS)* with important biological 
outcome in humans. We do know from the extensive studies by Spengler et al. (1985), 
Wallace et al. (1985), Hirayama (1981), both that ETS is a main indoor source of airborne 
particulates and volatile carcinogens, and also that passive exposure to tobacco smoke 
seems associated with increased risk of lung cancer. Following on the I ARC evaluation of 
ETS carcinogenicity 3 (IARC, 1986), there are substantial problems in devising the 
appropriate strategy for exploring the relationship between ETS pollution and the 
biological outcome in humans. Looking at this another way, there is a fundamental gap 
between the epidemiological and experimental approaches to this problem. Discussed 
below are the key problems of the multiplicity of pollutants in indoor air and the 
potential importance of active although transient components; this discussion is related 
to some IARC activities in this field. 


Biologically Active Components of Indoor Air Pollution 

Since most people spend 75% to 90% of their time on average breathing indoor air (NRC 

1981) , and building design has changed peatly in recent years (Mage and Gammage 
1985), a number of recent studies have examined the biological activity of indoor air and 
substances infiltrating from outside. Mutagenicity of indoor air has been compared to 
indoor activities in studies in the Netherlands (Van Houdt et al. 1984), USA (Lewtas 

1982) , Finland (Salomaa 1987) and Norway (Lofroth et al. 1983). It is notable, however, 
that the levels of airborne particulate found, for example, by Spengler et al. (1985) in the 
USA are much lower than those arising from unventilated combustion of biomass in non- 
industrial ired countries (WHO 1984) where respiratory illness is often a major 
contributor to mortality for women who are almost entirely nonsmokers. Hence, there 


1 The Sixth World Conference on Smoking and Health (Tokyo, 9-12 November, 1987) resolved 
that ETS w a misnomer implying a natural component of the environment. In the absence of any 
proposed alternative, ETS, however, is used in this paper. 

2 This IARC working group evaluation included the following statement: "The observations on 
nonsmokers that have been made so far are compatible with either an increased risk from 
“passive* smoking or an absence of risk. Knowledge of the nature of sidestream and mainstream 
smoke, of the materials absorbed during “passive* smoking, and of the quantitative relationships 
between dose and effect that are commonly observed from exposure to carcinogens, however, 
leads to the conclusion that passive smoking gives rise to some risk of cancer". 


H. Kasuga (Ed.) Indoor Air Quslity 
• Springer-Verlsg, Berlin Heidelberg 1990 
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Harvard’s Indoor Air Pollution Health Study 

J. D. Spcnglcr 


Introduction 

It is well established that indoor sources of air pollutants in homes* offices, public 
buildings, and transportation vehicles can result in higher indoor concentrations of 
contaminants. However, in epidemiologic studies it may not be entirely sufficient to 
characterize subject exposure with a description of sources and source use. Emission 
rates vary , source use varies, and air exchange rates differ among homes, as well as other 
structures. Therefore, questionnaires will not be adequate for many contaminants. This 
point is illustrated by the distribution of annual indoor home concentrations of N0 2 
shown in Fig. 11 

One-hundred gas cooking homes in Portage, Wisconsin were monitored using 
integrating passive samplers. Annual concentrations range from 15yg/m 3 to 150pg/m\ 
While a question about cooking fuel differentiates mean concentrations in gas versus 
electric homes, descriptive questions cannot predict indoor concentrations within a gas 
cooking home. 

Recognizing the limitation of questionnaires, we designed a more comprehensive 
indoor air pollution survey to characterize exposures in a multi-city air pollution health 
study. Several personal exposure studies have demonstrated that indoor (home) 
concentrations of respiratory particles, nitrogen dioxide, CO etc. are predictive of 
personal exposures [1-4]. Therefore, a microenvironmental monitoring approach was 
adapted for characterizing exposures to elementary school-age children. Homes, schools 
and ambient environments were monitored for respiratory particles (PM 2.5) and 
nitrogen dioxide (N0 2 )j 


Fig 1. Distribution of annual 
mean indoor ND 2 concentrations 
foT approximately 100 gas cook¬ 
ing homes in Portage, W1 
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This paper describes the design and preliminary results of Harvard's Indoor Air 
Pollution Health Study. This study was conducted in six U.S. cities between 1984 and 
1988; Watertown, MA; Kingston, TN; St Louis, MO; Steubenville, OH; Portage, WI; 
Topeka, KS. Approximately11,000 children in the 3rd to 5th grades in each community 
were administered two annual Health Characterization Questionnaires (HCQ) through 
the schools. In addition, puhnonary functions were measured. Using the first HCQ, 
homes were stratified on the presence of sources for MOi and particulate matter. The 
indoor environments of approximately 300 homes were monitored over a year. Children 
in these homes participated in a diary survey of daily respiratory symptoms. 


Design Overview 


The first annual HCQ was administered through the school system to children in grades 3 
to 5. Parents completed a questionnaire that includes a history of respiratory illnesses, 
respiratory symptoms over the previous 12 months, and several items on potential home 
factors. Pulmonary function measurements were made on the children in the schools. 
Details are presented elsewhere [5, 6]. A second HCQ and exam was administered 
approximately one year later. 

Using the results of the first HCQ, homes were stratified based on the presence or 
absence of gas cooking and parental Smoking. In most of the communities four cells were 
selected. The homes were randomly selected within these cells to participate in a year¬ 
long respiratory health diary study. The cells had unequal weights because concentra^ 
tions within homes with sources had been shown to have greater variation. In Kingston, 
Tennessee and Portage, Wisconsin, additional stratification was based on wood and 
kerosene heating fueH* 

Approximately 350 children were recruited to participate in a respiratory symptoms 
diary study starting in October. Mothers were instructed on how to use a calendar to 
record symptoms and severity from a set of predefined conditions. Table Mists symptoms 
that were recorded on the calendar. Approximately every two weeks the mother was 
called to read off symptoms. At the end of each month, calendars were returned to 
Harvard for entry and for comparison to the data obtained by telephone. Preliminary 
analysis of symptoms have identified three clusters of symptoms. One set of symptoms 
appears to reflect upper respiratory tract infection, another reflects lower respiratory 
tract infection, and a third allergenic conditions. Table 1 lists symptoms and severity of 
symptoms included in the diary. Only preliminary health analysis has been performed 
because the study has not been completed for all cities. 

The exposure component consisted of a core set of parameters that were measured in 
all homes. Measurements consisted of integrated week-long N0 2 and particle samples 

Table ll Symptoms included in Harvard's respiratory health diary 


Hoarseness 
Sore throat 
Cough 

Phlegm from the chest 
Pain in the chest 
Wheezing 
Fever 


Ear pain or discharge 
Runny or stuffed nose 
Burning, aching or red eyes 
Restricted activities 
Saw doctor or nurse 
Hospitalized 

Healthy or none of the above 


Av. 




>ource: nttps://www., 
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collected during the winter and summer. School and outdoor measurements were made 
to the complete assessment of the primary microenvironments for children: 


Indoor Air Quality Assessment 

A large variety of contaminants have the potential to cause or aggravate respiratory 
symptoms. However, the primary focus of this Harvard study was two combustion 
sources: tobacco and cooking fuel. Thus, particulates and nitrogen dioxide were 
measured in every home to derive an exposure estimate for each child. 

It was recognized that other contaminants might be important contributors to 
respiratory symptoms or might be confounding results. Additional substudies were 
performed. First, questions about mold, mildew and moisture were included in the 
follow-up HCQ. Preliminary analysis indicated significant association among these 
factors and respiratory symptoms. Fungal and bacteria sampling were then performed in 
a subset of homes, in four dries, to examine the relationship among these categorical 
descriptions and actual contamination level*. 

Substudies were performed to determine the impact of woodburning stoves and 
kerosene beaters. These sources were more prevalent in two of our communities; 
Kingston, TN and Portage, WI. 

In order to quantify the impact of sources to indoor air pollution, additional 
investigations were conducted. A subset of homes (approximately 30) were monitored for 
two weeks in each of the four seasons. Air exchange measurements were made using a 
tracer gas method. Further, in several hundred homes the particulate samples were 
analyzed for elemental composition^ ionic concentrations of sulfates and nitrates. 

The monitoring protocol required two winter weeks (November-March) and two 
summer weeks (May-August) of monitoring in each home. Previous year-round studies 
had indicated that between 70 and 90 percent of the pollution concentration variance 
within a home type was accounted for by capturing the seasonal variations. Nevertheless, 
a set of 30 homes were monitored in each season. Particulate samplers had pre-separation 
impact on to collect only particles less than 2.5 pm diameter [7]. The device had 14 day 
times that were set to operate when the child was expected to be at home. This was 
approximately 128 hours per week. Filten were changed each week. Thus, most homes 
had four week-long particle samples. Integrating, passive N0 3 diffusion tubes were 
placed in the kitchen, living room, bedroom and outdoors [8]. For the first three 
communities the integration rime was one week. Because the week-to-week correlation 
was very high (R 3 >0.75) the sampling rimes were changed for the last three communities 
to two weeks for both winter and summer. 

Passive water vapor tubes were also placed in each home. These one-week integration 
tubes provide i measure of moisture content of the air in a home that can be convened to 
relative humidity. 

In a subset of approximately 100 homes per city, air exchange rates were estimated 
from the dilution of a conservative tracer gas that was being leaked continuously into the 
home [9 )j Sources of a non-reacting periluorocarbon molecules were placed in a central 
region of the home, and up to four passive charcoal collections were placed in various 
rooms of the home. Whole house air exchange rate was calculated by the average across 
the interzonal concentrations. 
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244 J. D.Spengler 
Results 

This research is ongoing and only partial results are available at this time. Summarized in 
this paper are the concentrations ofiNOj and respirable particles sampled in five of the six 
cities. This paper highlights the findings for several of the substudies conducted. 


Nitrogen Dioxide 

The ambien t sources of nitrogen dioxide are automobiles and fossil fuel combustion from 
power plants and industries. Auto exhaust is the primary source in our six communities. 
Ambient concentrations ranged from a city mean of 8 ppb in Portage, Wisconsin to 24 
ppb in St. Louis, Missouri. There was a pattern of lower ambient concentrations in the 
smaller, more rural towns versus larger metropolitan areas. The percent standard 
deviation of the outdoor measurements were between 15 and 20 percent. The rural 
communities had greater spatial variation in NOj that reflected differences in auto traffic 
density. Similarly, higher concentrations were noted near intersections and heavily 
travelled roadways in the larger communities. 

Indoor sources of N0 2 included gas cooking fuels, unvented kerosene and gas heaters, 
and faulty gas furnaces and waterheaters. The influence of gas cooking on indoor 
concentrations is most notable. In homes with gas cooking, the kitchen concentrations 
are higher than the activity room and bedroom concentrations. The bedlioom and activity 


5-CiTY nitrogen dioxide levels 

WNT£* SA*n*CS 



NO CAS C*S NO CAS CAS NO CAS CAS 
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Fig. 2. Mean winter indbor N0 2 (ppb) concentrations inside and outside homes in five 
communities 
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room have similar concentrations. In non-source homes the indoor concentrations are 
determined by outdoor concentrations. Levels are always lower because N0 2 will either 
react or be absorbed on indoor surfaces. For gas cooking homes, winter indoor 
concentrations are higher than summer concentrations. The opposite is true for non- 
source homes. This reflects the differences in the air exchange rate between winter and 
summer for most homes. Figure 2 presents the overall mean concentrations for N0 2 for 
the winter sampling period in five cities. Kingston, TN is not shown because there were 
very few gas cooking homes. This illustrates the differences among cities* differences 
among rooms within a home, and differences between home types. 


Kerosene 

Unvented gas and kerosene heaters are a major source of indoor NO^ Kingston/ 
Harriman, Tennessee had more kerosene heaters than any of the other communities. 
They are banned in some states and less likely to be used in urban areas. With the 
assistance of the Oak Ridge National Laboratories a special study was conducted to 
assess the indoor NO* concentrations associated with kerosene heater use. Residents 
were given a set of samplers to measure NOj over ten consecutive weeks during the 
winter. In a few homes continuous monitoring equipment was used to document short¬ 
term concentrations. Figure 3 displays the frequency distribution of week-long N0 2 
concentrations in homes with kerosene heaters. The range of concentrations reflects 
differences in heater type, actual usage, home and room volumes, and air exchange rate. 
Note that approximately 21% of the weeks had concentrations exceeding SO ppb. The 
short-term concentrations are even higher. It is not uncommon for 1-h NOj concentra¬ 
tions to exceed 200 ppb during kerosene burner use. Figure 4 plots the combined NO and NO 2 
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Fig. 4. One day of time-dependent pollutant levels from bouse 6476 during February 


concentrations (ppm) inside one home that had a kerosene heater operating intermittent¬ 
ly. Note that concentrations often exceed 500 ppb. 


Respirable Particles 


There are numerous sources of indoor and outdoor particulates. From previous studies 
we learned that outdbor fine particles penetrate into homes. The penetration ratio can be 
estimated by examining the indoor and outdbor concentration of elements and/or 
compoundi that are outdoor contaminants that are introduced into the indoor air once 
they settle out or react with surfaces. Sulfate particles and elemental leadare good tracers 
for submicron size panicles of outdoor origin. The penetration of outdoor particles 
varies by season and by home. During the winter the penetration factor is typically 0.4 
and during the summer it is typically 0.8. Homes that are airconditioned or are 
constructed to have low air exchange rates have lower penetration values. 

Indoor sources originate from a variety of activities including vacuuming, cooking, 
aerosol sprays and general human and pet activities. Quantifying the mass contributions 
of these activities is not possible in our large scale study that collects time integrated 
concentrations. There are other sources of indoor particle contamination. Tobacco 
* smoke, kerosene heaters, woodbuming stoves, cool mist and ultrasonic humidifiers can 
contribute to indoor particle concentrations. Tobacco smoke is the largest and most 
consistently identified source of indoor pollution in our study. 

The indoor PM 2.5 particle concentrations in nonsmoking homes range between 
19 pg/m 3 for Portage to 32 pg/m 3 for Kingston during the winter. In the summer, ambient 
PM 2*5 concentrations are higher because of secondary aerosol formation (sulfates). The 
indoor concentrations in non-airconditioned homes reflect this increase. However, 
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Table 2. Panicle concentrations indoors 



overall there is only a slight effecti Indoor concentrations in Portage nonsmoking homes 
are still low, 14 yg/m 3 , but the indoor concentrations in Steubenville increased by 7 yg/m? 
to 28 yg/m 3 during the summer (Table 2). 

Indoor particulate concentrations in homes with smokers are higher than for homes 
without smokers. The excess due to tobacco combustion varies by season and by city. 
Winter concentrations are higher than summer concentrations. During the winter, 
homes with smokers in Sti Louis have 22 yg/m 3 more particulate mass than homes 
without smokers. In Kingston the excess is 40 yg/m 3 . Other cities are intermediate. 
During the summer, tobacco smoke contributes an additional mass concentration of 16 
yg/m 3 in Portage and up to 26 yg/m 3 in Kingston. The summer difference may reflect the 
increase in air exchange. 

Regression of indoor particulate concentrations on several home factors indicates 
that only the number of cigarettes smoked and inverse home volume are important. For 
an over-alt impact, a cigarette smoked within a home contributes approximately 1 yg/m 3 
to the integrated respirable particulate concentrations. 


Preliminary Health Results 

Since the indoor air quality and diary symptom study has just been completed in 
September 1988;no results are available. However, the symptoms reported in the annual 
health questionnaire have been examined. The questionnaire included questions about 
smoking, heating and cooking fuels, heating appliances, and moisture and mildew 
conditions in the home. 

Passive smoke exposure was prevalent in this sample of;6,273 childrem Approximate¬ 
ly 62% of the children were exposed to passive smoke in the home. The percentage ranged 
from 41.5 % in Portage to 65.1 % in St. Louis. The relative odds of respiratory symptoms 
were calculated for four categories of smoking, controlling for age, sex, parental 
education, gas cooking, wood stoves, and kerosene heaters. There was a general positive 
trend of increasing symptoms. When calculating the relative odds normalized to one 
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248 J. D. Spcngler 

pack/day smoking, all symptoms were significantly greater than one, except bronchitis 
and other non-rapiratory illnesses. The increase in reported symptoms range between 
15% for chronic cough to 24% for wheeze. 

Wood stoves were associated with increased relative odds for respiratory illnesses, 
1.32 (95% Cl 0.99 to 1.76). Other symptoms were not significantly greater for children in 
homes with wood stoves. The only positive association of respiratory symptoms and gas 
cooking fuel was for doctor diagnosed respiratory illness before the age of two-relktive 
odds 1.09(95% Cl 0.89 to 1 .33); A similar estimate for the same symptoms is reported for 
homes with kerosene heaters, 1.13 (95% Cl 0.88 to 1.44). However, kerosene heaters are 
only prevalent in one city, Kingston (33.1%). 

The health questionnaire included questions concerning moisture in the home. The 
presence of molds, mildew and previous water damage were assessed. In five of the six 
cities at least one of these conditions was reported in more than 50% of the homes. There 
was a consistent and statistically strong association among respiratory symptoms and 
"moisture conditions." After adjusting for smoking, age, sex, city and parental 
education, the relative odds ratio varied from 1.27 to 2.12 for all respiratory symptoms 
including asthma and hay fever. After removing asthmatic children the relationships 
were even stronger. 


Preliminary Conclusions 

Given the prevalence of smoking (approximately 60%) and "moisture" related problems 
(approximately 45%) in U.S. homes surveyed in this analysis, a large number of children 
may be at risk of increased respiratory illness. The associations between respiratory 
symptoms and parental smoking is similar across all cities and consistent with an 
exposure response function that increases with the number of cigarettes reported. Indoor 
particulate concentrates also increase in proportion to the number smoked at home per 
week. 

The evidence associating molds, mildew and dampness with increased! respiratory 
illness is consistent across six different communities. Unfortunately, the relationship 
between questionnaires and actual indoor concentrations of microorganisms (fungal 
spores) has not been fully characterized. Therefore, while strongly suggestive, we cannot 
say with certainty if there is an environmental agent responsible. 

By comparison, the evidence for effects associated with other combustion sources 
indoors is not as strong. However, linking actual indoor concentrations (N0 2 , particles) 
to the respiratory illness diaries of each child should increase statistical power. 
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At part of a study on the effeeu of indoor and outdoor air pollutants on respiratory health, 
measurements of indoor inhalable (PMi.) and respirable (PM U ) particulate matter have been 
collected in e sample of exposure-classified household*. There was a close relationship between 
average indoor PM in these two sire ranges; with e slope of 1.08 (PM», to PM,j), Intercept of 
12.5 pg/m 3 and R 3 of 88.6%. Samples collected in the seme household during sequent} »1 weeks 
were generally closely related (R* of 85% for both sizes; difference was nonsignificant), although 
week- specific activities were important in explaining difference within some homes. The median 
indoor/outdoor (I/O) ratio was 0.63 for homes without reported smoking, end 1.1 for those with 
smoking. Corresponding mean indoor-outdoor differences were -3.6 end ♦1315 pg/m 3 , which was 
only significant for homes with smoking (p<0.01). Indoor PMi, over 50 pg/m 3 wu associated 
with non-specific (annoyance) symptoms. PM,, over 15 pg/m 3 was related to symptoms of scute 
respiratory infections (depending on age group) end to daily variability in peak flow rates 
(independent of age and laex). These effects may be related to environmental tobacco smoke (ETS) 
expos urea that are correlated with the measured PM concentrations, although more specific 
indicators of ETS are needed to confirm this. 


INTRODUCTION 

A major difficulty in determining the effects of 
particulate matter on human health has been the in¬ 
ability to adequately characterize exposures to air 
pollutants from both indoor and outdoor sources, and 
thereby to properly assign exposure classifications to 
individuals. The importance of assessing indoor 
pollutants as part of air-pollution health-effects 
studies has often been noted. Several studies have 
indicated that indoor exposures and indoor sources 
account for the largest proportion of an indivi¬ 
dual’s exposure to several pollutants, including par¬ 
ticulate mutter (Dockery and Spengler 1981a; Spengler 
et al. 1985). These studies have been conducted in 
areas with climates cooler than that of the south¬ 
western United States, and with correspondingly dif¬ 
ferent bousing stocks. Greater infiltration of outdoor 


PM indoors and removal of indoor-generated PM 
may make outdoor PM levels more important^ es¬ 
pecially for small particles (<10 pm;<2.5pm), than 
in other regions, where the infiltration of outdoor 
PM indoors is restricted (Dockery and Spengler 
1981b). Previous studies conducted 1 in Tucson, Ari¬ 
zona (Lebowitz et al. 1985) indicate a stronger rela¬ 
tionship between total suspended PM outdoors and 
health effeeu relative to indOor sources than have 
studies conducted in other areas. 

The type and size distribution of PM: outdoors 
depends on iu sources. Suspended outdoor PM de¬ 
rives from the combustion of fossil fuels and from 
natural sources. In the arid environment of Tucson, 
80% of the PM is silica quartz, most of which aver¬ 
ages around 5 pm in mean aerodynamic diameter, and 
is suspended by vehicles operating; over nnpaved 
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surfaces (Lebowitz 1984). Levels of total suspended 
PM exceed the NAAQ5 every year in several loca¬ 
tions in the Tucson basin. 

Indoor PM can be generated in significant amounts 
by tobacco smoking, wood burning, resuspension of 
dust and pollen through occupant activities, and other 
sources. Preliminary evidence indicates that indoor 
PM produces both vasomotor rhinitis and regular 
irritant symptoms, and that it interacts with gases to 
produce symptoms and to decrease pulmonary func¬ 
tion. Other studies have shown specifically the effect 
on sensitive individuals of PM from both smoking 
and other sources in producing symptoms and de¬ 
creasing peak flow (Lebowitz et al. 1985). 

Since responses to pollutants of indoor and/or out¬ 
door origin may be responsible for irreversible physi¬ 
ological changes and disability, the need to determine 
their relative contributions to total exposure is impor¬ 
tant for both regulatory and control purposes. The abil¬ 
ity to collect and characterize particulate matter from 
several locations is important to help in this identifica¬ 
tion. Source-receptor techniques have been suggested 
for characterizing indoor PM; although further devel¬ 
opment of these techniques and identification of source- 
specific characteristics are required (Watson and Chow 
1985). 

METHODS 

The study population and design are described in 
a companion paper (Quackenboss et al. 1989). Briefly, 
a nested design was used to first characterize a larger 


population using questionnaires, and them to make 
direct measurements of health and environmental fac¬ 
tors on risk- and exposure- classified subgroups. Homes 
in the exposed and control groups were matched and 
sampled during concurrent weeks within a geographic 
cluster. Based on previous monitoring and source 
inventories, the geographic clusters were developed 
to provide relatively homogeneous average levels of 
PM and pollem This paper describes the methods 
used to classify households by sources of particulate 
matter and the subsequent sampling in households 
used to evaluate these exposure classifications and 
indoor-outdoor relationships for PM. 

Three PM classification groups; based on the esti¬ 
mated contribution of tobacco smoke (pipes and' ci¬ 
gars were assumed 1 to yield the same PM levels as 
four cigarettes) and wood burning to indoor respira¬ 
ble particle (PM^) concentrations, were derived from 
the basic questionnaires; The composition of these 
groups is shown in Table 1. Tobacco smoking was 
reported in 40% of the households^ with the follow¬ 
ing breakdowns by cigarette-equivalents per day;. 
17.6% with less than 10/diy (low). 13.3% with 11- 
20/day (medium), 9.1% of the households with more 
than one pack per day (high). 

The total estimated contribution of wood smoke to 
indoor PM is also shown in Table 1. More than 30% 
of the households reported having and regularly using 
fireplaces; 11.4% reported using them only once per 
week in the heating season (low). 9.2% reported 
using them two or three days per week (medium), and 
an additional 9.2% reported using them more fre- 


TftbU 1. Composition of PM classification groups based on titimaud 
contribution of tobacco tod wood smoke to indoor PM. 


Estimated PM from 
Wood Smoke 


Eitimated PM (mg/m 3 ) from Tobacco Smoke 

None Low Medium High 

(20) (20-40) (40-60) (60) 

Total 


None (20) 

B 

922 

280 

210 

151 

1563 



% 

39.8 

12.1 

9.1 

6.5 

67:5 










Low (>20-25) 

n 

177 

42 

30 

16 

265 

o 


% 

7.6 

1.8 

1.3 

0.7 

11.4 

10 








Co 

Med. (>25-40) 

n 

144 

40 

36 

19 

239 

CO 


% 

6.2 

1.7 

1.6 

0.8 

__ 10.3 

00 








© 

High (>40) 

B 

147 

46 

32 

25 

250 

CO 


% 

6.3 

2.0 

1.4 

1.1 

10.8 

10 








CO 

Total 

B 

1390 

408 

308 

211 

2317 



% 

60.0 

17.6 

13.3 

9.1 

100.0 


Muting 

n 

5 
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quently or often noticed smoke entering the room 
while using them (high). The use of wood stoves was 
reported in fewer households, with only 3.7% using 
them more often than once a week during the heating 
season. 

PM samples 

PM Samples were collected using the Harvard-de¬ 
signed Indoor Air sampler (Marple et al. 1987; Turner 
and Spengler 1985). This unit consists of a pumping and 
control unit (mass flow controller, timer, and elapsed 
time meter), time share unit (timer and controller to 
permit sequential collection by two samplers using 
the same pump), and the size-selective aerosol im- 
pactors for inhalable (<10 itm) and respirable (<2.5 
|tm) particle collection. The pumping unit operates 
at a low flow rate (4 L/min.); particulates are col¬ 
lected onto teflon fillers for mass determinations 
and subsequent analysis (e.g., XRF). Flow rates 
were checked before and after sampling by using 
a calibrated rotameter and by checking the mass 
flow controller voltage. Particulate fillers were pre* and 
post-weighed following standardized operating pro¬ 
cedures for balance calibration, filter conditioning, 
and filter weighing. Quality control checks included 
limit checks for flow rates and filter weights and 
range checks of concentrations in relation to sample 
type and location. Outdoor, ambient air-quality data 
in each< geographic cluster corresponding to the sam¬ 
pling days in each home were obtained from Pima 
County ’s Air Quality Control District. These included 
totalisuspended PM and inhalable PM (<10-15 (im); 
and were averagedi to correspond to the sampling 
periods of the indoor samples. The outdoor samples 
were supplemented within each geographic cluster 
using the indoor sampler placed on a stand to protec t 
the pumping-control unit and to hold the sampling 
inlet at approximately two meters above the ground. 


Symptoms diarias and peak expiratory flow rate 

Symptoms diaries and peak expiratory flow rate 
(PEFR) measurements were completed by household 
members over age five for two or three consecutive 
weeks. Diary symptoms were grouped into three “con¬ 
ditions'* for subsequent analyses. These groupings 
were: 1) symptoms of allergic or irritant responses, 
such as eye irritation and rhinitis; 2} acute respiratory 
illness symptoms, including sore throat, cough, wheez¬ 
ing or whistling in the chest, shortness of breath with 
wheezing, and chest tightness or asthma; and 
3) non-specific types of complaints, such as dryness 
in the mouth, dizziness, fatigue/achy feeling, nausea. 


and headache. The occurrence of a symptom on any 
day implied that the condition was present for that 
subject. Prevalence rates (per 100 person-days) were 
calculated and expressed for the period of observa¬ 
tion per subject and labeled'“period prevalence rates.” 
They required no weighting for minimal differences 
in reporting periods. 

PEFR was measured two to four times per day for 
at least five days dtiring each testing week using a 
mini-Wright peak flow meter (Lebowitz 1984; Lebowitz 
et al. 1985). For each individual, PEFR was analyzed 
usinga two-way analysis of variance (ANOVA) to eval¬ 
uate the significance of day-of-week (daily) and time- 
of-day (diurnal) effects. Thus, if an individual's values 
showed sufficient variability in diurnal or daily PEFRs 
to yield a statistically significant ANOVA. the individ¬ 
ual was classified as “responsive.” This provides one 
statistical test of intraindividkial variability and is in¬ 
tended to help classify individuals rellative to their 
likely bronchial responsiveness or susceptibility to 
air-pollutant exposures. 

Data handling and processing procedures for cod¬ 
ing and entering data from the questionnaires, sam¬ 
pling, and laboratory data forms were performed on 
personal computers using the R:fiase (Microrim, Inc.) 
data-base management programs. The data entry pro¬ 
cedures were subject to 100% verification using spe¬ 
cially designed programs to work with' the data 
base system. Edit checks (limit and consistency) 
and univariate and bivariate distributional analyses 
were made to identify incorrect values (e.g., incor¬ 
rect discrete codes, outliers, range errors) for ver¬ 
ification, correction, or identification (flagging). 
Data transformations and analyses were performed 
using the SPSS/PC+ statistical programs (SPSS Inc., 
Chicago, IL), including the Advanced Statistics module 
for step-wise, log-linear modelianalyses of categorical 
data. Standardized prevalence rates for the symptoms 
and PEFR-responsiveness classifications were de¬ 
rived from the estimated frequencies in the log-linear 
model (Bishop et all 1975). 

RESULTS AND DISCUSSION 

Results for the summer of 1986 through the spring 
of 1987 were used for preparation of this summary; 
152 samples of PM 10 and PM^, were collected from 
inside 98 homes and had botirWwraiory and 1 field 
records available. Limit checks on the flow rates and 
filter weights reduced the number of samples to 143 
for PM, 0 and 141' for PM 2J . Consistency checks indi¬ 
cated that two homes with tobacco smoking during the 
sampling had excessively low values; these were also 
excluded from the analyses described below. The smok- 
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ing classifications used below were derived from the 
activity questionnaires corresponding to the sampling 
periods. 

Indoor PMwand PM2.5 eoncantrations 
Indoor PM,o and PM 2 3 concen trations were highly 
correlated as shown in Fig.l, with an R 3 of 88.6% 
(n-KM homes). The slope of PM^ to PM 2 5 was 1.08 
with an intercept of 12.5 pg/m , the mean paired 
difference was 15 (S.E. 1.2) pg/m 3, The slope was 
slightly higher ihhomes without smoking (1.16) than 
in those with smoking (1.07), while the intercept 
remained fairly constant. This suggests that a larger 
proportion of the particulate matter in homes without 
smoking exceeds 2.5 pm. The 12.5 pg/m 3 offset (in¬ 
tercept) represents the overall difference between 
these PM size cuts and might represent the back¬ 
ground contribution to PM ]0 from resuspension. 
Samples collected! during the first sampling period 
generally corresponded with those collected during 
the following week(s), with an overall R 3 of 85% for 
both PMj s and PM) 0 ; the mean paired difference was 
about 3 (S.E. 2) pg/m\ which was not significantly 
different than zero (p*0.1,n«62 and 64 for PM 2 5 and 
PM, 0 , respectively). This suggests that only limited 
additional information is provided by sampling the 
home twice during the same season, where both sam¬ 


ples are valid; There were cases, however, when week- 
specific events (e.g., visitors or fireplace usage) made 
differences greater than the overall trend. These dif¬ 
ferences need to be further evaluated in relation to 
activities, especially nonsmoking-related sources and 
possible removal mechanisms. 

Indoor/outdoor (I/O) PM to 

Indoor/outdoor (I/O) PM, 0 comparisons were based 
on inhalable PM measurements made within the same 
geographic cluster as the home (Fig.2). In homes 
without smoking, the median I/O ratio was 0.63 
(range 0.3-3.4); the mean paired difference of -4 . - 
(S.E. 5.1) pg/m 3 was not significantly different than 
zero. In the smokinghouseholds, the median I/O ratio 
was 1.2 (range 0.3-4.7), and the mean difference of 
13.5 (S.E. 4.7) pg/m 3 was significant (p<0.01). This 
indicates that outdoor measurements alone would ^ 
generally overpredict indoor exposures in nonsmok¬ 
ing households and underpredict those for most homes 
with tobacco smoking. Indoor/outdoor ratios are highly 
dependent on indoor activity levels, especially those 
related to the generation and resuspension of PM, as 
well as removal rates through ventilation and/or infil¬ 
tration (fraynor et al. 1985). Additional information 
collected on the weekly activity questionnaire about 
these factors in the home needs to be included in 


PM 1 0 vs. PM 2.5 by ETS 



PM < 2.5 fi m 


Fig. 1. Companion of indoor PM * wilk PMu Gig/m*) by raportad rooking 
inside tii* bos* (d|»rtuci p*r d*y). 


© 

N 

CJ 

CJ 

00 

© 

CO 

10 

at 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 



Ptnicultte mstier: clsiiifiettioni and health effects 


357 


INDOOR PM,o VS. OUTDOOR PM 10 BY US 



Fig. 2. ComptriiOB of indoor end outdoor PM« (m/m’ ) by reported smoking 
inside the home (rig rnttes per dsy). 


subsequent analyses, as well as characterization of 
the composition of the indoor/outdoor PM. 

Maasurad and astimatad PM 

Measured and estimated PM are compared in Table 2, 
The average PM concentration measured in the home 
was used for comparison with the estimates of PM 
from the initial screening questionnaire described 
above. Overall, the group means are similar to the 
expected concentrations for respirable suspended PM, 
although indbor PM W levels tended to be slightly lower 
than the estimates. The significance of the ANOVA 


supports the ability of the classification methods 
described here to derive exposure groupings. How¬ 
ever, there is considerable variability in measured 
PM concentrations within each of the classification 
groups, especially for the medium- and high-expo¬ 
sure classifications. The resulting overlap between 
groups supports the need to evaluate exposure esti¬ 
mates used in epidemiological studies and to supple¬ 
ment the use of group classifications with direct 
monitoring, at least in a representative sample of the 
homes. This will help determine the degree of mis- 
classification error introduced by simplifying assump- 


Table 2. Companion of measured PM (ps/m*) with classification based on reported environmental 




tobacco tmoka. 


.. 


10 

© 

fO 

CO 

CJ 

00 

Estimated 

Main 

PMis 

S.D. 

Homes 

Meuured 

Mean 

PMie 

S.D. 

Haass- 

$23 

12.9 

10.0 

(24) 

26.0 

13.2 

(21) 

© 

CO 

ro 

m 

$40 

23.3 

21.2 

(23) 

42.2 

27.9 

(24) 

>40 

35.7 

39.0 

m 

52.4 

43,1 

(49) 

Total 

26.9 

31.4 

(95) 

43.9 

36.0 

(94) 


p( ANOVA) 


0.017 



0.011 
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lions (such as those described above) that are used to 
derive the groupings. 

Additional information from the activity question¬ 
naires for the sampling periods was used to help 
identify sources of misclassification in these groups. 
Of special concern in this climate is the usage of 
evaporative ("swamps) coolers in many homes dur¬ 
ing several months of the year. As shown in Table 3, 
these act as a significant removal mechanism for 
different smoking-classification groups. It is possi¬ 
ble that they also bring outdoor PM into the home, 
although these results do not appear support this, 
since the levels of PM, 0 and PM 2 S in homes reporting 
cooler use were about half of the remaining house¬ 
holds at all levels of smoking. However, this analysis 
has not attempted to control for season or outdoor PM 
levels. 

PMio oxposur* and symptoms/PEFR 

PM 10 exposure and symptoms/PEFR classification 
groups were compared using multinomial statistics 
and a series of step-wise, log-linear models (control¬ 
ling for interactions with age and sex). Nonspecific 
symptoms (i.e. dry mouth, dizziness, fatigue/achy 
feeling, nausea, or headache) showed a significant 
(p<0.05) interaction with a PM l0 classification that 
was based! on the proposed NAAQS of SO g/m\ The 
adjusted period 1 prevalence rates were S5.9 and 
71.2 per 100 subjects for the low (£50 pg/m 3 ) and 
high (>50 pg/m 3 ) PM, 0 exposure groups respectively. 
(About 25% of the homes were in the high exposure 


group.). These symptoms are similar to those often 
reported for building-related complaints. They 
appear to represent annoyance responses to ETS 
(environmental tobacco smoke) in the higher PM l0 
group: the average daily prevalence rate was 75% in 
homes with smoking of more than one pack per day, 
52% when up to one pack per dhy was smoked in 
the home, and 43% in homes without ETS; these 
symptoms were primarily in females, who also re¬ 
ported higher prevalences in their children (Lebowitz 
and Quackenboss 1988). Most of these females, as 
well as children, were not active smokers. (Active 
smokers have significantly tower rates of these symp¬ 
toms.) 

The relationship between PM;,) exposure groups 
(below or above the median) and symptoms related to 
acute respiratory illness (ARI) is shown in Table 4 by 
age and sex groups. The log-linear model for this table 
consisted of a three-way interaction term relating 
ARI symptoms to both the PM exposure and age 
groups and a two-way interaction'relating ARI sym¬ 
ptoms and sex. The presence of the three-way term 
indicated that a single age-sex-adjusted prevalence 
rate should not be calculated for each exposure group 
and that the relationship between PM^ and ARI symp¬ 
toms is dependent on the individuals age group. This 
is shown in Table 4, where the trend seems to be 
reversed for 15-35-year-old women relative to those 
over 35. Daily prevalence rates of ARI symptoms are 
related to ETS in homes with lower educational lev¬ 
els (i.e., lower socioeconomic sums); the risk ratio 


Tablk 3. Indoor average PMui and PM„ (jig/m*) by reported imoking in the bom* and mpore¬ 
live cooler see during templing week. 


Smoking 

C»g./d 

Bvap. 

Cooler 

PM is 

Mean S.D. 

Homea 

PMio 

Mean S.D. 

Homes 


None 

Yes 

8.8 

5.0 

(20) 

2110 

9.7 

(20) 



No 

20.3 

19.0 

(23) 

38.4 

22.9 

(23) 



Toul 

15.2 

15.5 

(45) 

30.3 

19.9 

(43) 

W' 









o 

1-20 

Yes 

19.3 

8.8 

(10) 

33.9 

12.0 

(10) 

w 


No 

32.3 

28.5 

(16) 

33.4 

33.9 

(17) 

Co 


Total 

27.3 

23.6 

(26) 

46.2 

29.1 

(27) 

CO 

>20 

Yas 

36.2 

32.9 

(1) 

47.4 

39.6 

(9) 

00 

o 


No 

82.7 

35.4 

(9) 

102.5 

60.6 

(9) 

Co 


Total 

60.8 

50.8 

(17) 

75.0 

57.2 

(18) 












PMu: Significant (p<.0.()]) mein effecu for emoting and evaporative cooler nee; 

two-way interaction nearly significant (p* 0.06). 

PMio: Significant (jk. 0.01) main effecu for evaporative cooler and smoking. 
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Table 4. Prevelence of acute reipiratory illneii (ARI) lymptomi 
by indoor PM, ,, *|e and lex*. 


Sex 

Age Group 
(Years) 

15 ug/m* 

15 ug/m'* 

(n) 

Mtle 

£15 

41.7 

47.4 

(43) 


£35 

71.4* 

46.2 

(20) 


>35 

38.5 

37.0 

(S3) 

Female 

£15 

72:2 

82.4* 

(35) 


£35 

68.4 

41.2 

(36) 


>35 

30.4 

61.1 

(59) 


' Significant (p<0.05) 3-way interaction [Age x ARI * PM groupj and two-way [Sex x ARIJ; 

unable to calculate age/jex adjuited prevalence rate. 

* Too few casei with no ARI symptom* for 15-35-year-old males and females IS years 
old (n<5 in some cells). 


was 2-18 in homes with over one pack per day smoked 
in the home and 1.64 in those homes with less than 
one pack per day. There was a relative lack of symp¬ 
toms in nonsmoking households (25%) in which ed¬ 
ucational attainment was highest. 

Other potentially important factors that might re¬ 
late to the individual’s sensitivity to respiratory illnesses, 
especially the presence of preexisting respiratory 
illnesses (e.g., chronic obstructive lung disease, such 
as chronic bronchitis), will be examined in later pa¬ 
pers. ETS per se is not related to these chronic con¬ 
ditions (Lebowiu and Quackenboss 1988), although 
active smoking is and PM I0 may be. Daily prevalence 
rates of allergic and irritant symptoms were not re¬ 


lated to ETS, but their incidence rates in relation to 
outdoor PM need to be evaluated separately. 

Intraindividual daily variation in peak flow rates 
was related to the PM 3 J grouping, but not to the PM )0 
grouping. Age- and sex-adjusted prevalence rates were 
31.6% for those exposed to IS pg/m 3 or less and 
45.4% for those with higher indoor PM 3 _ 5 exposures 
(Table 5). The log-linear model 1 for this table in¬ 
cluded a significant interaction between PM 3 . s group 
and daily PEER responsiveness classification^ inde¬ 
pendent of age and sex. Indoor concentrations of 
PMj j are related to ETS, as was shown earlier^ so 
that increased variability in PEFR could reflect bron¬ 
chial responsiveness arising from exposure to ETS. 


Tebie 5. Duly PEFR variability vi. indoor PMw by age and sax. 


Sex 

Age 

Group 

(Years) 

£15 ug/m 3 

15 ug/m 3 

<«) 

Male 

£15 

31.6 

35.3 

(36) 


£35 

14.3* 

45.5 

(18) 


>35 

32.0 

61.5 

(51) 

Female 

£15 

37.5 

46.7 

(31) .._ 


£35 

33.3 

43.8 

(34) 


>35 

31L6 

38.2 

(53) 

Adjusted Prevalence Rate: 

31.6 

45.4* 

(246) 


* n<5 for nnexposed, 15-3 5* year-old males 

* Significant (p«0.05) association between PMxs group and daily variation in PEFR; 
adjusted rate based on estimates from log-linear model, controlling for age and sex. 

Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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However, previous findings indicate that bronchial 
responsiveness was related to PM U significantly only 
in homes: without ETS (Lebowitz and Quackenboss 
1988). On the other hand, diurnal responsiveness 
was related to ETS in homes with higher PM, 0 
exposures, after adjusting for age and sex (Lebowitz 
and Quackenboss 1988). As implied above, PM 10 ef¬ 
fects were not independent of ETS. The relationship 
was strongest in children of both sexes. 

The responses to the various indoor pollutants, 
including PM, may be greater in those with preexist¬ 
ing susceptibility (i.e. physiological, biochemical 
and 1 immunological). Further evaluation of responses 
to PM and ETS will require measurements, such as 
air nicotine and serum cotinine, that are more spe¬ 
cific to ETS. Further evaluation of PM 2 5 speciation 
is also necessary, since it is a product of several 
sources. 

Day-to-day differences in PEFR could also be re¬ 
lated to differences in activity patterns or in other 
exposures (e.g., occupational, outdoor, or recreational) 
that will be included in further analyses. These differ¬ 
ences could also be related to other pollutants, alone or 
interactively (Lebowitz 1984; Lebowitz et all 1985), 
Some of these interactions may be positive, some 
negative; passive smoking in children appears to blunt 
the effects of outdoor ozone, as active smoking does 
in adults, wbille children’s daily PEFR decrements 
are enhanced by the interaction of outdoor PM and 
ozone (Lebowitz 1984; Lebowitz etal. 1985). 

The results presented above were based on a num¬ 
ber of households (and subjects) in the second stage 
of our ongoing study. The methods and results illus¬ 
trate the methodology being used to collect and relate 
health assessments to exposure measurements. The 
application of more comprehensive and detailed anal¬ 
yses of the monitoring, questionnaire, symptoms and 
time budget diary, and PEFR data will be pursued in 
further papers, and the current results suggest direc¬ 
tions for these types of analyses. The relationships 
between PM exposure and both symptomatic and 
physiological responses support continued evalua¬ 
tion, especially of individuals who can be identified 
as: more sensitive to the possible health effects of 
indoor and outdoor air pollutants. 
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CONCENTRATIONS OF NICOTINE AND 
TOBACCO SMOKE IN PUBUC PLACES 



William C. Hinds, ScD-, 
and Melvin W; First, ScJD. 


P UBLIC interest has focused on health effects to the 
large numbers of nonsmokers exposed to tobacco 
smoke tfi public places. Recent regulations in a few cities 
have banned smoking in public pljjes, or have restricted 
smoking in the manner of United States commercial air¬ 
craft. 

Two studies 1 * 1 indicated that in crowded private rooms 
concentrations of tobacco smoke often exceed 260 pg per 
cubic meter, the federal air-quality standard for partial* 
late matter that is not to be exceeded more than one day 
per year. Hoegg 1 estimated that in residences, meeting 
rooms, or private automobiles, the nonsmoker inhales in 
one hour the equivalent of smoking 0.01 to 0.20 ciga¬ 
rettes. Bridge and Corn, 1 by measuring carbon monoxide 
during party situations involving 50 to 73 people in rooms 
of 140 and 100 m’ under controlled ventilation condi¬ 
tions, estimated smoke concentrations to be 2000 to 4000 
/ig per cubic meter and concluded that these levels are a 
matter of concern. 

Estimation of levels of tobacco smoke in public places 
was undertaken to evaluate the health implications for 
nonsmokers. Measurements were limited to the particu¬ 
late phase of tobacco smoke, although it is known that the 
gaseous phase also contains substances that may affect 
health; Since the objective was to measure only tobacco 
smoke, all methods commonly used to measure total sus¬ 
pended particulate matter were ruled out because of the 
many other sources of particulate matter in the indbor at¬ 
mosphere. The use of carbon monoxide as a tracer has 
similar disadvantages because of the widespread distribu¬ 
tion of this common air pollutant. Nicotine was chosen as 
the tracer for tobacco smoke for the following reasons: it is 
specific for tobacco smoke (the only other source of into* 
tine is from agricultural sprays, which are unlikely to be a 
contaminant of the indoor atmospheres tested); with the 
exception of water, nicotine is the largest single compos 
nent of the particulate phase of tobacco smoke; nicotine 
conrcnmtiibn is unaffected by the moisture content of the 
smoke: and sensitive gas chromatographic analytical 
methods are available for measurement of nicotine con* 
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Because of the wide range of public places evaluated 
and the small number of samples, the procedures etn- 
ployed and die results should be considered a pilot study 
having the limited objective of defining the extent of the 
"passive-smoking** problem in public places. 

Samtunc Methods 

The procedure was to enter a public plkr as a patron and sam¬ 
ple a knownvolume of air through an A A Millipore filter having u 
collection efficiency for tobacco smoke greater than 99 per cent. 
Samples were uken wkh an inconspicuous battery-powered 
pump at a rate of 4 liters per minute for a maximum period of 
hours. The entire sampling system weighed U kg and was con¬ 
tained in a phenolk jbox, 17 by 13 by 6 cm (Fig. 1). To obtain rc- 
altstk samples, the unit was placed as close to the breathing tone 
as possible—e.g.,on a table in a restaurant, or on a bp in a train. 



Figure 1. The Sampling System, Showing the Pump (1), 
Motor (2). Pulsation Damper (3). Filter Holder (4). Recharge¬ 
able Batteries (5). On-Off Switch (6). Air Inlet (7), Battery- 
Charging Jack (S). and Case (9). 

The material trapped on tlie filter was extracted with distilled 
water, concentrated by rotary evaporation, and analyzed lor nk- 
otine with a gas chromaiographk technic described by Jacin et 
at. 9 The n icotine content was used to calculate the tobacco-smoke 
particulate concentration on the bash of an experimentally de¬ 
termined nicotine fraction Of2.fi per cent established by measure¬ 
ment of total partkubte mass and nkotine concentration of 
sidestream smoke in an aerosol chamber. Sidestream smoke is the 
principal component of indoor tobacco-smoke pollution (i.e^ 60 
to 90 per cc>u)i , • , 

Tests were run s«ih filter and nonfilter cigarettes, and current 
sales figures 4 were used to calculate the weighted average nico¬ 
tine fraction as 2.0 per cent. No noteworthy concentration effect 
onitikotine ft action was nb>er\edif(wr smokcaHKeturatiotisrang- 
ing from 6000 to M0;000pg per cubic meter. Our ambient mea¬ 
surements were an order of magnitude sniMlerihmi tlmrangc. 

Twcnty-tlirce samples were taken in the Boston area during 
1973 and early 1974. Some types of publk auras—commuter 
trains, commuter hoses, and bu% and airline waiting rooms— 
were sampled repeated!), wlxrrr.i*others, such as large, crowded 
restaurants and lounges. a»v represented by i ndividua l samples. 
On basts and trains i»oatic«i»pt w;k m.tdc to sample in smoking or 
nonsmoking section* because these designations air large!) ig¬ 
nored by pa*snigtrs. 


Results 

Smoke concent™t ion for each category of public place is 
xhown in Tabic I sis wciglu per unit volume of sampled 
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T*bla 1. Tobacco-Smoke Concentrations in Indoor Public 
Places. 


Cocooar 

No. OF 

Miawup 

Caicvvatso 

Eqcn>AiJt»T 


Samfiu 

NtCOTinl 

Tokco-Swmi 

Fmu 



Conan- 

ConcanTaATion* 

CKuinu 



iwnon* 



Smock 



AVtMCI 

a*a*oc 

AVtMU 


Commuter train 

4 

4,9 

20-690 

190 

0.004 

Commuter bus 

9 

4 3 

140-370 

240 

0.005 

Bus waiting room 

2 

1.0 

16*58 

40 

0.001 

Airline waiting 

2 

9.1 

120 

120 

0.003 

loom 

Restaurant 


9.2 

9M50 

200 

0.004 

Cbckull lounge 

J 

10.3 

170460 

400 

0.009 

Student lounge 

t 

2J 

HO 

110 

0.002 


Vl* 1 . 

air and “equivalent niter cigarettes per hour,** the 
amount of smoke inhaled by a sedentary nonsmoker in 
one hour divided by the amount inhaled by a person 
smoking one niter cigarette (16.1 mg). liw 

The data on tobacco-smoke concentration presented in 
Table 1 can be compared to bench marks for clean air 
based on community ambient-air-quality standards and 
threshold-limit values for occupational exposures shown 
in Table 2. These community air-quality standards are 
based on nontoxic dusts, and it is reasonable to assume 
that tobacco smoke may be considerably more harmful. 
The concentrations shown in Table 1 are solely the result 
of tobacco smoke and do not include the background con¬ 
tribution from usual particulate air pollutants. 

The smoke concentrations shown in Table I are con¬ 
siderably less than those determined by Hoegg* and by 
Bridge and Corn^ who did not account for evaporative 
losses and diffusive tosses to surfaces. Furthermore, calcu¬ 
lations based on their data give 12 to 22 per cent of persons 
smoking at a time and room volumes of 10 to 31 m* per 
person smoking, whereas spot checks made during the 
present study gave an aveiage of only 9 percent of people 
smoking, and room volumes per person smoking ranged 
from 28io 4200 m 5 . These differences, at least in part, ex¬ 
plain why their calculated concentrations of tobacco 
smoke are higher by a factor of 10 than our measured val¬ 
ues. 

The data collected during this study suggest that al¬ 
though tobacco-smoke concentrations often exceed the 
annual average air quality standard for dean air, these 
levels would not be expected to produce the strong public 
reaction to tobacco smoke that has developed in live past 
few vears. This observation suggests that annoyance from 


Table 2 Ambi«?nt-Air-Ouality Standards and Threshold-Limit 


Values I6r Suspended Particulate Matter^ Nuisance Dust, and 
Nicotine. 

Sam tit 

Concintmtiqn 

Community air-quality standards: 
Suspended paniculate matter: 

Annual avenge 

71 

Maximum 24-br concentration 

260 

80Ot to bt exceeded > once/yr) 
Occupational standards: 


Nuisance dust: 

Threshold limit valise 

10.000 

Nicotine: 

Threshold limit value 

900 


tobacco smoke is caused by factors other than the average 
concentration of particulate matter in the indoor at¬ 
mosphere. For example, anitoxance maybe a response to 
peak concentrations of tobacco smoke that are likely to be 
much greater than the average values given inTable L 
Considerable announce from tobacco smoking ma> al¬ 
so result from gaseous components produced during the 
tobacco combustion. Caseous components (not including 
water vapor) represent approximately 70 per cent of the 
mass of combustion products in sidestream smoke* and 
include strong irritants and unpleasant odors, such as 
phenols, aldehydes, and organic acids. Awareness of to¬ 
bacco smoke is enlianced because its submicrometer pani- 
de size produces a highly visible aerosol at low mass con¬ 
centrations. These factors, taken together, may bea more 
importan t cause of the public’i adverse reaction to tobacco 
smoke than the quantity measured in the present study, 
the average smoke concentration. 
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44US2. 

Summiky. — A fur having develop ped the corresponding analytical and sampling technics 
the Authors ninth tit various public gathering places a survey of the respective concentra¬ 
tions in Nicotine^ Cat bon Monoxide and irritating Pollutants of possible smoke origin. 

Nicotine whose unquestionnable source is tobacco smoke, was never found in sufficient 
amount to be harmfull for non smokers. Otherwise the concentrations of Co*bon monoxide 
and other tton specific pollutants were always fount! lower than the usually allowed levels 
and may be considered as innocuous on I he toxicological point of view ; 

however the nuisance which smoke means for non smokers and specially for allergic 
people and children justifies the restrictive measures usually taken in public places. 


INTRODUCTION 


While the general public is becoming acre aware of the problems created by atmos 
pheric pollution, numerous public health specialists have been investigating the 
effects of tobacco smoke on the health of nonsmokers and specifically on the health 
of children* This pollution by smoking, which is especially noticeable in certain 
poorly ventilated or crowded public places, has been observed sometimes even in 
private homes. 

Certain authors have described the unfortunate nonsmokers who are obliged to 
live in an atmosphere polluted by smokers as "passive smokers", and have even is<- 
aued staunch warnings by declaring that the situation is Indisputably dangerous 
(Hes6,1969 - Cole, 1973 — Dukelow, 1973 — Naumanrr, 1973 (12,4,15,17)). An Important 
group study waa published in 1974 under the direction of RYLAMDER (18) (1974), 
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which thoroughly examined the details of tha question. 
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It should be noted, however, that not very much precise data on the actual 
significance of this pollution is available* The procedures used by most authors 
to determine the concentrations of pollutants created by smoking ere subject to 
criticism: sane authors have calculated the theoretical concentrations using the 
maximal concentrations found in tobacco smoke (HESS, NAUMANN) (12,17); others have 
worked with entirely artificial situations, such as the accelerated smcking of large 
quantities of cigarettes in an unventilated area (HARMSEN, 1957 (14), SCASSELATI, 
3966 cited by DUKELOV (20), COLE, etc*)* Still others have calculated concentra¬ 
tions using an element of a different nature to play the role of a tracer, but this 
is: a risky procedbre.at best (the particulate phase, for example, was calculated 
from the carbon monoxide level) (BRIDGE, 1972) (2). Although other serious studies 
have been carried out, they have mainly dealt with tests performed in the laboratory 
(HARKE (9,10), 1970 and 1972) and it mi#it be difficult to extrapolate them to 
ooncrete real life situations. 

An interesting study, with an assortment of samples, was carried out by the 
American Federal Aviation Administration during 26 airplane trips. Although measure¬ 
ments were only taken of carbon monoxide and the total particulate phase, we will 
examine the conclusions of this study in the discussion of our results. 

We felt that it would be interesting to undertake a study on this topic by 
discreetly collecting samples in various locations where people moke, such as cafes, 
train compartments, and automobiles, and afterwards, to measure the constituents of 
the pollution, probably originating from smoking, as thoroughly as possible. The 
first measurements were taken in 1974, but the difficulties thioh we encountered in 
using the technique! especially with nicotine, caused us to delay the publication. 

A relatively recent article by HINDS (1975) (13 )revealed that this author has 
carried out a similar study in Boston, and we will discuss his results later on. 


THE NATURE OF POLLUTION BY SMCKING 
THE METHODOLOGICAL APPROACH 


Tobacco smoke is a complex aerosol with a compostion which varies according: to 
the strean under examination,whether it is the mairutnexm smoke,i.e. the portion 70 
which is inhaled by the mouth, or the 4Lde>iMeam spoke, i.e. the pt*5BUCt of the 
spontaneous combustion of the cigarette in the air between puffs. • ^ 
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Atmospheric pollution caused by smoking is essentially due to sldestresB socket 
In fact* most of the substances contained in inhaled smoke• which are important 
from the toxicological point of view* are retained by the organism. 

Smoke contains a visible portion, the paaticuiate phaae, which is a dense 

4 

aerosol containing approximately ID particles per ml, between 0.1 and 0.8 microns 
in diameter (C. KEITH and J. DERRICK (16), I960). The residual gas in air and the 
gases and vapors resulting from combustion form the pOA phoAe. The complete separa¬ 
tion of these two phases is a delicate procedure and, in practice, it is acceptable 
to consider the gas phase as the product of the filtration of smoke through the 
Cambridge filter (according to the CORESTA standards). 

Although numerous studies have been carried out on the composition of the 
mainstream, less is known about the sidestream. However, the published studies all 
agree on one point: qualitatively speaking, the composition of the sidestream is 
analogous to that of the mainstream. Consequently, the factors considered to be 
harmful from the toxicological point of view are identical. There is general agree¬ 
ment on the fact that four groups are involved (GU1LLERM, 1969, GUILLERM, BAD RE 
•t Sl., 1972) (7,8): 

1) the alkaloid group, which is esentially nicotine; 

2) carbon monoxide which interferes with oxygen transport to tissues; 

3) the group of substances which irritates the respiratory mucosa,. is 
found in the particulate phase as well as in the gas phase, and is essentially 
composed of aldehydes, ketones, and acids, all of which are water soluble; 

4} the group of polycyclic hydrocarbons and various substances which are known 
to be carcinogenic in industrial toxicology. 

In the case of atmospheric pollution caused by tobacco smoke, the first three 
chemical groups are the eo6t relevant: 

Nicotine, because of the specific character of its origin, should be a good 
indicator of pollution from smoking. 

Canbon: monoxide, which is found in urban pollution, is also important, but 
it is only a good indicator then other sources are not present. 

jAAitating. AubAtanccA found in the gas phase, particularly the aldehydes and 

e 

acrolein, are important,and it is possible to measure them. 

As for the: polycyclic hydAocacboM, since their infinitesimal levels, are 
already difficult to analyze in the laboratory under optimal conditions, analysis 
in the field i6 not very feasible. 
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Because of the reasons mentioned earlier, we have used the following substances 
as indicated of atmqpsherlc pollution caused by smoking: nicotine, carbon monoxide, 
and the principal irritating agents of the gas phase, 

THE ANALYTICAL METHODS 
1, The Sample Collection Apparatus 

In order to perform our study in the various public places chosen, it was 
necessary to create an inconspicuous sampling system , which could' be contained in 
a plain valise and could be started easily without having to open the valise. Samples 
of nicotine, gee needed to measure the carbon monoxide, and traces of pollutants 
were simultaneously collected on a suitable trap, 

a) The sampling device for nicotine, was basically composed of "Cambridge" filters 
placed over the intake of a pump with a known flow rate. Usually, when smoke is 
aspirated* all of the nicotine, which is almost totally in the particulate phase, 
can be collected on a "Cambridge" filter. Thus>re thought that we could use these 
filters to measure the mount of nicotine in smoke present in the air. The low 
valdes we obtained, even in a very smoke-filled area, quickly cast doubts on the 
validity of this technique. 

In examining the physical properties of nicotine, we found that its volatile 
properties were far from being negligible(vapor pressure of pure nicotine at an 
ambient temperature is close to 0.1 torr, which in saturated vapor corresponds to 
1 mg per liter of air). To confirm the risks of loss via this mechanism , we did 
the following: we impregnated each of two identical Cambridge filters with an equal 
volume of tobacco smoke condensate solution containing 130 /^g of nicotine. We 
then passed' 200 liters of air through one of the filters under the same conditions 
as* for the smoke sampling, i.e. at a rate of 4 1/min. The nicotine was then extracted 
with cold ethyl acetate and was measured by chromatography. We recovered lO^g from 
the control filter and 19 jag; fTcrn the other filter, thus noting an BOX loss of nico¬ 
tine. These results^ confirmed that, although retention of the particulate phase was 
total, a portion of the nicotine vaporized from the passage of air aspired through 
th* filter, and! also, that a large portion of the nicotine from the particulate phase 
entered! the< gas phase when the smoke was dispersed into the air (which Airther da- 
pleted the particulate phase). Thus, it was necessary to find another sampling 
method which would assure the retention of nicotine in a nonvolatile form, whether 
It was In' the particulate phase or in the vapor phase. We started by employing 
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• technique we had used earlier with CANO (3) (3970), which required water acidi¬ 
fied with sulfUric acid, but after a series of tests, we substituted the water for 
a soluttemsf 1% oxalic acid in 95% ethyl alcohol, since the alcohol promoted the 
destruction of the smoke aerosol (the principle of the water pipe illustrates the 
stability of this aerosol when bubbled through eater)* Under these conditions, after 
Placing three similar scrubbers in a series and passing 200 liters of smoke-filled 
air through them, we recovered 77% of the total nicotine in the first,13% in the 
second, and 10% in the third. 

In another test, we added 200 jug of nicotine to the acidic alcohol of the 1st 
scrubber, passed 400 liters of air through all scrubbers, and measured the nicotine 
content of each scrubber. We found 171 >i£, 4.8 jig, and 1.4 jug, respectively .These re¬ 
sults confirmed the presence of a mechanical drive caused by high intensity bubbling, 
and have enabled us to estimate a maximum of a 5% error in our sanples due to a more 
modest flow rate of 4 1/min. Thus, the final apparatus contained a series of three 
acnibbers, each containing 15 ml of an acidic alcohol solution, through which 200 
liters of air was pumped in 50 minutes (an activated charcoal filter was placed over 
the exhaust to prevent air pollution by alcohol vapors). 

b) The pollutant* were also collected by a technique which was developed by us 
and which we are using at present. It entailed aspirating 100 ml of air through a 
glass tube filled with a chromatogrephie adsorbent, Pcrapak Q, using a syringe whose 
piston was operated by an electrical motor. The pollutants collected.from the volume 
of air were eluted in the laboratory and were analyzed by gas phase chromatography 
(BOURDIN, BADRE end DUMAS: 1975) (1). 

c) The samples for canton monoxide, analysis were collected by using a pump which 
filled a 5 liter balloon in 20 minutes (it was previously determined that the balloon 
was practically impervious to CO for a storage period of less than 24 hours). 

2. Analytical Techniques 

a) Canton monoxide: mexvtunement. The simplest procedure, which is currently used 
in the area of air pollution, is infrared analysis by the nondispersive method. CO 
is known to have a specific band which is quits distinct from the CO^ band. The only 
element which could Interfere in the appropriate zone of sensitivity is water vapor. 
This interference could 1 be eliminated by drying the gas, or, preferably, by specially 
arranging receiving chambers to considerably improve the selectivity ("UNOR" appera- 
tus of the Society MAHIAK). We used the apparatus employing the latter method (a 
scale of 0 to 100 ppm, the limit of detection Is on the order of 1 ppm) .A staple of 
a few deciliters was sufficient, and the analysis was instantaneous. The apparatus 
was recalibrated before testing each sample using a standard mixture of CO in nitrogen 
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b) ('te.OAUAement of the. iA/utating. potkitant*. The sample tube was eluted 
in the-lahoratory with heat under a stream of nitrogen* The eluted products* 
collected in a loop immersed in liquid nitrogen* were reheated and injected into 
the chromatograph only once. This method produced a concentration factor of 100* 
which enabled us to obtain a great sensitivity. Ve have already described the 
methods of operation elsewhere (BOURDIN, BADRE, DUMAS, 1975). 

c) fiieoMtAemesrf. of nicotine. This was carried out by gas phase chromatography 
using a technique derived from the one described by CANO (3) (1970), except the flame 
ionization detector was replaced by a thermoionic detector (*). The separation was 
performed on a 1/8" column, 1.3 m in length, with the phase being composed of 
"GASCHROM Q" impregnated with "UCON POLAR 50 HB" 3.2%, and 6% K0H. 

The chromatograph was a 'Hewlett-Packard" 5750 model with a thermoionic detector 
specific for nitrogen molecules under the following conditions of operation: 

Helium vector gas flow 30 ml^dn. 

Hydrogen flow 28 ml/min air 140 ml/min. 

Column temperature 1I0°C. 

Detector temperature 400°c. 

The acidic alcohol solution from the scrubbers was completely evaporated at 
a moderate temperature, rediluted in IN NaOH and extracted twice in 2 ml 1 of ethyl 
acetate. The extracts were dried on anhydrous Na^SO^ and were collected in a cali¬ 
brated^ stoppered' flask, which enabled calculation of the solvent volume from its 
mass, since it was so volatile. Ve then injected 1 to 2 )il into the chromatograph, 
end: calculated: the concentration. 


RESULTS OBTAINED 


The results are summarized in table I. 


Canhon monoxide. The values found were generally very low* In the ease of 
cafe L.R., we found that the inside measured value (23 ppm) was on the same order 
as Vie value measured outside on the sidewalk (obvious automobile pollution). 

(*)' This provided a significant improvement, since we were able to avoid dorocentra- 
ting the sanples because of the sensitivity which was clearly greater to that of 
the flame ionization. Also, the specificity assured better separation and mini¬ 
mized! the solvent "lag". 
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TABLE 1. RESULTS OF VARIOUS SAMPLES 


Compart* 
Autornll „ 

(A) (B) 

CM G. 
26 man 

f» W 
(C) 

CaK l-R- 
2 »»rll 

17 h 55 
(D) 

CaM Hr 
4 avril 
It h 30 
(E). 

Caro RK 

16 nvril 

17 h 15 
(F) 

CM S j 
6 m.i i 

18 h 1 

(G) 

Hall core 
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. ’Yh)* 

CM M 

15 mat 

20 h 

(i) 

Foyer 
Mpilal 
15 mai 
(j) 

Compart. 

train 

16 mai 

(K) . 

Wacon 
Pulmann 
20 tnai 

(L) 

Automobile 
30 mal vllre 
cntrouverle 

CM) 

Atitoniob. 
30 mai 
vitre 
ouycrtc 
(N) 

Aulomob. 

vitrei 

fcrm^ei 

(O) 

Chambre 

Handle 

( P3 

I (00391 

3.06 

0.64 

0,02 

0.09 

0.41 

0,17 

3.08 

0.14 

0.03 . 

0.01 

034 

0 

0 



0.065 

UM 

0.49 

0.48 

0.17 

0/.3 

?32 

Ml 

034 

039 

03« 

0.70 

0.4t 

036 

230 

1.64 

(30,071 

0.12 

0.05 

0,10 

0.02 

0.15 

037 

0.15 

0,07 

0.0! 

0.04 

0.10 

0.04 

0.01 

1.00 

03s 

l*4*>.07 

0.12 

0,05 

0.07 


0,09 

0,10 

0,01 

0.03 

0.02 

0.02 

0,07 

0,02 

0.03 

030 

0.185 

(5)2.17 

0.75 

M2 

0,91 

5.88 ~ 

Ul 

031 

0.77 

1.40 

1.16 

036 

0.67 

0,40 

032 

130 

0310 

/ £>0.46 

4.64 

231 * 

2.07 

133 

336 

Mr 

0.93 

1.05 

0.82 

031 

139 

0.14 

0.43 

1.00 

0.40 

t»)o.ws 

0.10 

0,10 

0.0S 

0.15 

0.10 

0,i: 

0.05 

0.05 


0,02 

3.17 

0.02 

. 0.04 

0.1s 

0.109 

$0,119 

o.ll 

0,16 

0.15 


031 

O.ll 

0.09 

1 ■ 

031 

034 

0.09 

0.19 

0.03 

0.03 

030 

030 


2.46 

0/9 

0.42 

030 

034 

034 

0.47 

037 

030 

034 

1.03 

030 

0.22 

030 



635 

531 

3.00 

1.64 

2.17 

M 1 

!’ 

: 0.88 

033 

0.17 

1.10 

03* 

030 




0.19 

03* 

0,12 


03S 

I 

1 









'f^O.74 

1 ija 

0.91 

0.17 

0.01 

1.04 






4.61 



030 

031* 

' 1*3.77 

5.61 

13* 

0,16 

0JD7 

239 


3.43 

0.42 

031 

•0.16 

1.71 

0,05 

0.07 

20 


/Hi 

\o«; 

l 5 

11 

23 

IS 

5 

0 

14 

7 

7 

0 

2 

0 

7 

s 

4 

2 

18 

0 

14 

0 

0 

50 

0 

{W)41 

■ 50 

2S 

40 

30 

50 

30 

20 

52 

37 

36 

45 

ISO 

65 

1010 

500 

(ri)10/l5 

2/3 

5/16 

30/100 

10/30 

20/60 

*/!*( ( 

20/50 

2ft 

12/30 

2/3 

10/20 

3/3 

3/3 

2 

18 


KEY: (A)« March 15, Rail ear 

(B) « March 18, Train Compart. 

(C) - March 28 (6P.M.) Cafe G 

(D) » April 2 (5:55P.M.) Cafe LR 

(E) » April 4 (6:30 P.M.) Cafe Rv 

(F) - April 16(5:15 P.M.) Cafe Rg 
O (G)» May 6 (6:15 P.M.) Cafe SA 

<H)» May 10 (1:45 P.M.) Train Sta. 
gj (I)« May 15 (8P.M.) Cafe M 
qm (J)« May 15 Hospital entrance 
q (K)« May 16 Train compart. 
gj (L)» May 20 Pullman wagon 

(M) » May 30 Auto, window partly open 

(N) » May 30 Auto, window open 

(O) Auto, windows eloeed 

(P) Airti^it room 


(1) Cyclohexane 

(2) Ethanal 

(3) Propanal 

(4) Acrolein 
( 5) Acetone 

(6) Ethyl acetate 

(7) Benzene 

(8) Isopropanol 

(9) Ethanol 

(lD)Methylethyl ketone 
(ll)Methyl methacrylate 


(12) Toluene 

(13) 2-Pentanone 

(14) CO ppm 

(15) CO exterior 

(16) Nicotine 

(17) Number of smokers 
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VqaJLdua poJJutxuvLi. It was difficult to find a correlation between their 
abundance and the assumed pollution by smoking. They could certainly originate 
from a great many sources (cooking, heating gas, etc.). Overall, however* the con¬ 
centrations were very low and were much lower than the maximal allowable concentra¬ 
tions (H.A.C.). 

Nicotine* The concentrations found, except in two exceptional cases of an 

airtight room and a completely closed automobile (•), were mo6t often lower than or 
3 

close to 50 jjg/m (this theoretically corresponds to the vnoke from one cigarette 

3 

dispersed in a 20 m room). 


DISCUSSION 

The results obtained for cwibon monoxide, and for txnc.e pollutant* can only 
be used as Indicators because of the nonspecific character of these substances an} 
the diversity of the possible sources. Nevertheless, we can conclude that the con¬ 
centrations measured at the various test points were considerably lower than the 
allowable levels (**). Based on these results, which seem to correlate well with 
the nicotine measurements, it could be stated that the compounds originating from 
smoking only contribute a small amount to the general air pollution. Especially 
for carbon monoxide, in cases where the source is essentially smoking (no other 
sources - exterior pollution low), the concentration usually does not reach the 
allowable value for a continuous stay in confinement (25 ppm for the 90-day MAC /» 
nor even the lowest value of 8.7 ppm determined by the E.P.A. (Environmental Pro¬ 
tection Agency). 

As for nicotine, the values found were clearly lower than those determined 
by authors using theoretical studies or laboratory measurements. On the other hand, 
they were higher than the values found by HINDS(1975) (13), who measured material 
trapped on a filter. We have seen that this method contains a basic ezrror, and we 

3 

have verified, for example, that in the same smoke-filled atmosphere, 215 jig/m 
was collected by our method of sampling, as opposed to 14 pg with the "Cambridge" 
filter (325) and only 5.5 pg (13%) with the "AA Millipore" filter used by KINDS. 

(•) Where the air was almost not breathable. 

(**) N.B.j The allowable concentrations in this case are not the allowable values 
of industrial hygiene for work locations, but much lower concentrations, authorized 
either by organizations fighting pollution (Environmental Protection Agency) or for 
a long duration confinement ( 90-day MAC in a submarine on patrol)• 
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Ibis further corresponds to the relationship between our results and the results 

3 

of Hinds, whose values ranged between 1 and 10,8 jig/m . 



Fig.l. Simultaneous changes of photometric density of smoke 
and the concentration of total nicotine. 

Another confirmation of nicotine depletion in the particulate phase was made 
by a study, in 1 an enclosed area, of the simultaneous changes in the smoke density 
(aerosol photometry) and the concentration in total nicotine (fig.l}. It was found 
that the latter decreased much more rapidly, probably through condensation on the 
walls and ground, which could be demonstrated by measuring, as we did, the nicotine 
deposited^ on glass plates in these areas. For example, in 50 minutes, the nicotine 
level decreased 1 by 50% (half-life), whereas the density of the aerosol decreased by 
less than 50% in 3 hours. These results were similar to the ones mentioned by MOR¬ 
TON CORN (18) (RYLANDER, ed., 1975) according to which the half-life of the parti¬ 
culate phase was 43 minutes in an airtight roam with circulation (curiously, he 
mentioned 84 minutes for carbon monoxide, which indicates that the room was not air¬ 
tight for this gas). In the same study, RYLANDER referred to our earlier results 

3 

with CANO (3) (1970) by noting that the respective levels of nicotine (32 jtg/m ) 

and GO (40 ppm) which we had measured were very different ft*era those of ANDERSON 

and DALHAt-!N(1973) who found 0.377 mg/m^ and 5 ppm, and from those of HARKE (10)(1972) 

3 

who found 0.51 mg/m and 64 ppm. . 

3 

It should be noted that we obtained concentrations of 0.517 mg/m of nicotine 
and 50 ppm of GO in our measurements in an airtight room after the smoking of 18 

cigarettes per 40 a? f and 0.05 mg/m and 5,6 ppm in an ordinary, closed, unventilated 
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roan, which confirms the results of Harke end, in general, the values found in 
Ahojvt cluAajUon. jUaU. In our earlier tests with CANO, we were dealing with very 
Uonp diiAation t&iU (several days) . According to other data on the epontaneous 
decrease in nicotine concentration, it was normal for the mean level to remain 
permanently quite low nhile the CO was accumulating (it was even periodically 
necessary to use a catalytic absorber)• 

The fact that only low levels of nicotine enter through the airways of "passive 
Smokers" has been confirmed by the determination of nicotine cjj entities excreted 
in the urine. In our earlier study with CANO (1970), we demonstrated that noi^ 


■ndcing subjects spelling 24 continuous hours in an environment polluted by smokers, 
with a mean air level of 30 to 40/igA# 3 of nicotine, eliminated approximately 30 jig 
of nicotine in urine per 24 hours, while amckers eliminated approximately 1 mg per 
day. The results have been confirmed by a recent study by RUSSEL and FEYERABEND 
(19) (1975), which found that urinary levels were approximately 200 times lower in 
passive smokers as compared to those of smokers. 

There seems to be adequate evidence, according to the studies reviewed by 
HYLANDER (1974), that the respiratory effects of smoke do not lead to significant 
differences in the rate of respiratory infections in normal nonsmokers. With res¬ 


pect to children, COLLEY (22) (1974) has reported the results of an epidemiological 
study carried out in over two thousand schoolchildren and their parents. At first, 
the frequency of a cough in the children appeared to be associated with the smoking 
habits of their parents. A direct correlation existed between the respiratory 
symptoms of the parents and those of the children, and then the respiratory symp¬ 
toms of the parents were taken into consideration, the exposure of the children to 
cigarette smoke produced by their perents had little effect on the children's symp¬ 
toms. Thus, the association between the smoking habits of the parents and the res¬ 
piratory effects in the children that have been reported by other authors and have 
been 1 interpreted as linked to pollution by smoking, are, in fact, mostly connected 


with the respiratory diseases of the parents. It is obvious, however* that per¬ 
sons who care 1 for young children, must be dissuaded from amoking in roans Where 
the children are present. 

On the other hard, we cannot deny that certain hypersensitive subjects are 

Inconvenienced by smdee. It has not been possible to clearly demonstrate the aller- 

« 

genic effects of smoke (RYLANDER, 1974). However, there is no doubt that a large 
proportion of nonsmokers exposed to smoke experiences eye Irritation, at least, and 
a study dealing with this matter was carried out in 1971 during air travel by the 
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Federal Aviation Administration and the N.I.O.S.M. in the U.S.A. (6). The 
questionnaire, given to 3,296 passengers* showed that, despite the low level of 
pollution indicated by the CO measurements, 60% of the nonsmokers, and even 20% 
of the smokers, were annoyed by the smoking of other passengers. Finally, it 
should be noted that numerous asthmatics are bothered by smoke-filled environments, 
through a mechanism which requires more thorough Investigation; it is not caused by 
an allergenic type of mechanism, but by an increase in the nonspecific sensitivity 
of the bronchial receptors to the irritants in smoke or by a psychosomatic phenom¬ 
enon. 


CONCLUSION 

The measurements, which we performed under realistic conditions, shoved that 
the concentrations of carbon monoxide and the nonspecific compounds of tobacco 
smoke in the air of places where there was smoking were not increased' sufficiently 
to create a toxicological risk for nonsmokers sharing areas with smokers. 

As far nicotine, the total concentration in air polluted by tobacco smoke was 

3 

often low and was usually below SO jig/m • If we were to assume,, for example, that 
the nonsmoker spent 10 hours per day (work and travel) in 50 jig/m smoke-filled sir, 
he would Inhale 400 pg of nicotine, of which he would retain 80%, at most, or 320 jig. 
When compared with what the smoker Inhales on the average, l.e. around 1 mg/cigarette 
it would be the equivalent of the nonamoker smoking only 40% of one cigarette, 

While the smoker smoked about twenty. Strictly from the toxicological point of 
view, we could thus say that smoking does not present a risk to nonsmokers. 

Statements which depict the "passive smoker" as a victim whose health is being 
threatened by his neighbor's smoking habit are truly Irrational, particularly be¬ 
cause of the psychosomatic incidents, which are especially evident is asthmatics, 
and have also been known to occur with many nonsmokers. It is squally irresponsible 
to overlook the fact that smokers will satisfy their tobacco habits anytime and 
anyplace ignoring the fact that they are annoying a large proportion of the popu¬ 
lation, as was thoroughly demonstrated by the F.A.A. study. Thus, we.are supporting 
those activities which will reinforce and complement the already existing measures 
that have been effective but are now being neglected^ especially the mass trans¬ 
portation regulations which reserve comparbnents Tor nonsmokers. 

» 
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; Pollution atmospheriquc par la fumde dc tabac 

[ R. DADRE, It. CUILLEUM, N. ABRAN, M. BOURDIN cl C DUMAS 

Centre d'Etudes et dt Rcchtrchcx techniques souptnarines, 83800 Toulon-Naval. 


A tm ospheric ponullcm by stjioVIrjj, 

R. Burnt, R- Couxrm, H. Airah, M. Boukdim and C. Dumas, Ann. Pharm. Fr, 1978, 35, 
443452. 

Summary. — After ha\ing devclopped the corresponding analytical end sampling technics 
the Authors made in various public gathering places a survey of the respective concentre* 
Hons in Nicotine, Carbon Monoxide end irritating Pollutants of possible smoke origin. 

Hicotine whose unquestionnable source is tobacco smoke, was never found in sufficient 
amount to be hannftdl for non smokers. Otherwise the concentrations of Carbon monoxide 
and other non specific pollutants were always found ton'tr than the usually allowed levels 
and may be considered as innocuous on the toxicological point of Wen*. 

However the nuisance which smoke means for non smokers awl specially for allergic 
people and children justifies the restrictive measures usually taken Its public places. 

• i 

Fotlutfoa atmospbdrique for ta fttmto 5c tabac. 

VL R. Giilurm, N. Am.vx, M. Boukoim cl C Dumas, Ann. Phann. Tr^ 1978, 35, 

443-452. 

R£sutt& —- Aprks avoir nils att point tes techniques de pr/livemettt et d'analyse. Its 
. auteurs out cffectui dans divers tieux publics des controtes portant sur la nicotine , 7c 
monoxyde dc carbonc et tes pollnants irritants de la ftunie de tabac. 

. La nicotine dont Vorigine tabagique est settle indiscutabte ria jamais iti retrouvie en 
quantity asset important pour qit'cUc prisente des risques pour tes non fumenrs. De 
mime tes concentrations en monoxyde de carbonc et en autres pollnants non spicifiqnes 
sont resides infiricurcs aux vormes habitucllement admises elm prisentent done pas de 
danger toxicclogique . CepcnJaiif, ta gene qtic rtprisente la fumie pour tes non-fitments 
et notantment tes altergiques et tes jeuncs enfunfs justifie tes mesttres de restriction habi- 
tuelles dans certains lienx publics. 


INTRODUCTION 

En m&ne temps que le grand public prenait conscience des probldmes que 
pose la pollution dc ITatmospbcrc, de nombreux hygidnistes sc sent prdoccupds 
des incidences que pouvatl avoir sur la sanld des non-fumeurs et singulidroment 

Mamiserit reqo le 13 septembre 1977. 

Tiris d Part ; R. Guiuf.rm (h Padrcsse cWcssus). 
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dcs enfants la pollution produitc pur la fumde de tabac. Cetlc pollution tabagique 
purlieu licrcmcnl perceptible dans certains lieux publics mul vcntilds ou surpe Lipids 
est dgalement sensible, parfois, jusque duns les logcmcnls privds. 

Certains auteurs ont assimild ft dcs « fumeurs passifs > les malheureux non* 
fumeurs ainsi obliges de vivre dans I’almosph&Fe pollute par les fumeurs el ils ont 
• mime laned de vdritables cris d'alarmc cn affirmant qu’il s’agissail d'un indiscu* 
table danger (Hess, 1969 — Cole, 1973 — Dukelovv, 1973 — Naumann, 1973 
[12, 4, 15, 17}). line remarquable dtude rdalisde en dquipe a did publidc cn 1 1974 
sous la direction de Rylakder [18] (1974) et fait parfaitement le point de la 
question. 

II convient cependunt de prddser qu’on dispose de Iris peu do donndes prd- 
cises sur Timportance rdcllc de cette pollution. La piupart dcs auteurs ont ddter* 
mind ks concentrations des polluants d’origine tabagique par des proeddds crili- 
cables : certains ont calcule les concentrations thdoriques ft partir des concentra¬ 
tions tnaximales trouvdes dans la fumde ds tabac (Hess, Naumann) [12, 17]; 
d'autres sc sont places dans des conditions tout 1 fait artificiellcs, tel que le 
fuma'ge accdldrd de trds nombreuses cigarettes dans un local I non ventild (Hermsen, 
1957 [14], Scasselati, 196S citd pur Dukelow [20], Golf, etc.). D'autres encore 
ont calculi les concentrations k partir de celles d’un dldment de nature diffdrente, 
jouant le role d’un traceur (par exemple phase particuluire calculde ft partir du 
taux de monoxyde de carbone), cc qui est pour le moins hasardeux (Bp.ioce, 
1972) [2). Bien que d’autres travaux aient did fails avec beaucoup de sdrieux, ils 
portent esscntiellement sur des essais eflcctuds en luboratoire (Harke [9, 10], 1970 
et 1972} dont on peut penser qu’il est difficile de les extrapoler aux cas concrets 
de la vie courante. 

- • line enqudte intdressante, assortie de prdldvcmcnts, a dtd effectude par 1’Adro- 
nautique Amdricaine au cours de 26 voyages adriens. Bien que les dosages n’aient 
pond que sur le monoxyde de carbone et la phase particulaire totalc, nous revien- 
drons sur les conclusions de cette dtude dans la discussion de nos rdsultats. 


II nous a done sembld intdressant d’entreprendre one .dtude sur le terrain cn 
proeddant ft des prdlfevements discrcts dans divers lieux oh Ton fume tels que sallcs 
deenfd, compartiments de chemin de fer, automobiles, en vue d'cflcctuer, en difldrd, 
des diterminations aussi completes que possible des dldments de pollution d’ori- • * 
gins tabagique probable. Les premises mesures remontent ft 1974 mais les difli- - 
culles que nous avons rencontrdes dans la mise au point de la technique, notam- 
ment pour la nicotine, nous ont conduit ft en retarder la publication! Un article 
relativement rdeent dc Hinds (1975) [13] rdvfcle que cel auteur a proeddd ft une 
dtude simfiaire dans la rdgion de Boston et nous en discuterons plus loin ks 
rdsultats. * 
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NATURE DE LA POLLUTION TABAGIQUE 
APPROCHE M ETHODOLOG 1 QUE 


La furode dc tabac cat tin adrosol complex* dont la composition raric scion que )Ton a 
affaire au courant prunaire dc la furode, c’est-ft-dirc ft la partic qul cat aspirde par la 
Louche ou au ecu rent seconduirt, c*est-ft-dirc au produit dc la combustion sponiaiwc dc 
la cigarette ft Tair entre deux bouffees. 

Dana )c cas dc la pollution atmospherique d'originc tabagique. cVst cascntlclJcvnent 
le courant sccondaine dc la fumde qul eat en cause. En effet, la plus granite panic des 
substances contcnues dans la fumde inhalde qul presentent dc Tinicrtt au plan loxicoto* 
glquc cat retenuc par forganisme. 

La fumde comportc une partic visible, la phase porticttlalrt qul est tm adrosol dense 
tenfermant par ml environ ID* micelles dont Ic diamdtre est compris cnlre 0,1 et 0«S microns 
(Kzrrn C et Dkrmck 1. 116), I960). Lc* gaz rdsidutls dc Pair ct les gaz ct vapeurs rdsuhant 
dc la combustion forment la phase pazettse. La separation parfaitc dc ces deux phases est 
delicate et dans la pratique on a admix que Pon considfrcrait comme phase gazeusc 1c 
produit de la filtration dc la fumde sur un fibre Cambridge (scion les normes Coats t a). 

Si de ires nomb reuses recherche* ont eld effectudes sur la composition du courant 
primairc, on connalt moins bicn ccTIc du courant second*ire. Cependant, les ttavaux 
public's concordent tous sur un point : qualiiaiivcment parlant, la composition du cou* 
rant sccondaire est analogue ft cclie du courant primairc. En consequence, les fact curs de 
nuisances ft considdrcr au plan toxioologiquc sont idcnlirucs. On s'accordc gdndralement 
ft considdrcr qu'ili appartiennent ft quaire groupcs (CiiU-tHM, 1969, Guuxjai. Rurz et 
colli, 1972J 11. S] : 

1) le groupe des alcaloldes, e'est-ft-dire esscntiellemcnt la nicotine; 

. 2) le monoxyde de carbonc dont Peffet s'exerce sur le transport d’oxygcne aux tissus; 

3) Ic groupe des substances irritanles pour la muqucusc respirsioiru ^parties aussi 
bien dans la phase panicultire que dans la phase gazeusc, et qui comprend essemiullcment 
des composes alddhydiques, cdtoniques ou acides, tous hydrosolublss; 

4) Ic groupe des hydrocarbures polycycliqucs et diverses substances qui* en toxicologie 
industricllc, sont connucs pour dire cancdrigfenes. 

Dans Ideas de la pollution atmospherique par la fumde de tabac, ce sont Jes trois pre* 
mtercs families chimiques qui prdsentent te plus dlmdrct : 

la nicotine, en raison du caractfcrc spdcifique de son orfgine, devrail const it uer un 
bon traccur dc la pollution tabagique. 

Le monoxyde de carbonc, que Ton retrouve dam 1ft pollution urbaihe, est dgafement 
. Intdressant mais il n*cst un bon traccur de 1ft phase gazeusc qu'en Tabsence d’autrrs 
sources. 

las substQitccs initantes se trouvant dans la phase gazeusc, not* m men t les alddhydes 
et lacTolcinc, sont ft considdrcr et leur dosage est possible. 

Quant aux hydrocarbures polycyetiques, compte tenu dc kur tcncur Infinftdsimale kur 
analyse ddjft difficile au laboraioire dans les meillcurcs conditions est peu praticable sur 
• le terrain. 

les raisons prdciedes, nous avons done retenu comme representatives dc 1ft pollii- 
lion atmosphdrique dVrigine labagique les substances suivantes : nicotine, o&yde de car¬ 
bonc, Irritants prinripaux dc la phase gazeuse. 
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METHODES ANALYTIQUES 


L lx Msmam K mCUveuENX 

Mn de pouvoir opdrcr danj les divers tteux public* Jugds Intdressants I! a die ndces- 
s»irc «fc rdalbcr un ensemble discrete log* * Plnidrieur d'une valise banale tl pouvant 
t\xx mb cn route i vokmte sans avoir k ouvrlr b valise. 11 assure simultandment k prdle- 
vement de la nicotine* de Pdchantilkm gazeux ndcessalrc au dosage du monoxyde de car* 
bone ct celui dcs polluant* k Petal de traces sur tin piege approprid. 

a) Le disposltif de prdlfcvctnent de la itfcorfitt itait inilistemcnt conslitud par dcs iitres 
« Cambridge » plaeds sur respiration d'une pompe dc debit connu. Au moment de remis¬ 
sion dc la fumde, ta nicotine se retrouve cn effet pratiqwrocm cn totalitd dans la phase 
partkulaire ct peut dtre fnldgralemcnt rdcoltde sur nitre « Cambridge •. Nous pensions 
done pouvolr utiliscr ces m6mes fill res pour doser la nicotine de b fumde dispmdc dans 

* Patmosphere. La faiblesse des valours obtenues mdme dans tin local trfc* tnfumd nous 
a ra pi dement conduits & mettre en doute la validity dc cettc technique. 

Un examen des propriety's physiques de la nicotine permet efTectivcmeni de constater 
que sa volatility est loin d'etre ndgligeablc (la tension dc vapeur de la nicotine pure k 
temperature ambiante est voisinc de 0.1 torr, ce qui correspond en vapour saturantc k 
1 me par litre d'air). Pour confirmer les risque* de pertc par ce mdcanisme nous axons 
cffectud Pessai suivant : deux filtrcs Cambridge identique* ont did imprdgnds chacun 
d'un mcmc volume d'une solution dc condensat de fumde de tabac renfermant 130 pi de 
nicotine. A travers Pun dcs 2 filtrcs on a fait passer 200 litres d'alr dans les conditions 
de pnHcvcmcnt dc la fumde, soil au debit 4 I/mn. Les 2 fibres ont ensullc did dpuisds par 
Pacdtate dethyle k froid ct on a dosd la nicotine par chromatographic. On a trouvd ainsi 
107 pc dans k temoin ct 19 >g dans Pautrc, soil une perte de 80 •• de la nicotine. Ces 
rdsuliats confirmcnt que, mfime si ta retention de la phase pariiculaire es; totals, une 
partie de la nicotine sc vaporise k la faveur du batoyage par Pair aspird sur k filtre et 
que, cn outre, une panic importance dc la nicotine dc la phase pariiculaire passe cn phase 

• vapeur lorsque la fumdc sc rdpand dans Paimosphfcre (cc qui appouvrii encore la phase 
pariiculaire). 21 a done did ndeessaire de rccherchcr unc autre mdlhodc de prdlevctnent 

I assurant b rdtention de la nicotine sous unc forme non vobtile, que celled ae trouve dans 

b phase pariiculaire ou dans b phase vapeur en utilisant d'abord dc Teau aciduldc par 
facide sulfurique aelon unc technique que nous avions utilisce prdeddemment avec 
Cano [3] (1970) puls, 6 la lumitre des rdsuUats obtenus sur des cssais systdmatiques, unc 
solution k 1 H d ecide oxaliquo dans Palcool dthytique k 95*, Pakcol faxorisant b des¬ 
truction de Padrosol de furode (b pratique du • narghild* Must re b stability de cat adro- 
sot au barbotage dans Pcau). Dans ces conditions cn pfacant trols barbotcurs semblables 
en adrie on trouve, aprbs passage d'environ 200 litres d'alr enfumd, 77 *• de b nicotine 
totale dans k premier, 13 U dans k second et 10 H dans k troUteme. 

Dans un autre essai Talced aride du 1" barboteur dunt prdalablement .additionnd dc 
200 |ig dc nicotine on a dosd la nicotine dans chacun dcs barbotcurs aprfcs passage de 
400 litres d'alr. On a trouvd rcspectivement 171-4,8 ct 1,4 jig. Cc rdsultat confirm* la 
rdalitd d'un entralnement mdcanique du au barbotage k grand ddbit ct permet dTestimcr 
I5H au maximum Pcrrcur par ddfaut dont sent enfpchds les prelcxerncnis au ddbit plus 
snodestc de 4 litrcs/minutes que nous ax*ons uliltsd. Lc disposltif fihalement relcnu compor- 
talt done un train dc 3 barbotcurs renfermant chacun 15 ml de solution alcooliqus acidc 
. it travers lesquels unc pompe faisait passer 200 litres d'alr en 50 minutes Cun filtre k char- 
* bon actif psed sur k refoulement dvitait de pollticr Patmosphdre en vapeur dalcool). 
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I) Les pottuents dtaient recucillis par alflcurs seton one technique mlse mi point ct 
courammcnt utiliste par nous. EHe eonsSste cn remploi d'un tube dc verve farm d*un 
a d so r bant chroma lographiquc, lc Porapak 0. h trovers Icqucl on aspire 100 ml d'alr k 
Taide d’une scringuo donl lc piston ot mu par un moleur dlectrique. Lei polluants wk 
ferrnds duns le volume d'air rccolid sont desorbes en bboratoire cl analyses par chroma* 
tographie cn phase gazeuse (Bovrdjx, Ba&re et Dumas. 1975) 

# e) Le prdJcvcmcnt dcstin i k Panatysc du morro.xyde de carbont dtait effected k Taide 
d'une pompe qui cn 20 minutes remplit tin ballon souple de 5 litres (donl on a rtrifi* 
prvabblemcnt qu*il dlait pratiquement impermeable au CO pour unc durde de conserva¬ 
tion Inferieure k 14 hemes). 

.♦ * • * 

Z Tequuocd cumwa 

c) OoM|t du monoxyde dt carbont Le procedd fe plus simple, d’usage courant dans 
le domaine de la pollution atmospherique, cst 1’analysc infra rouge par la mdthodc non 
dispersive. On salt que le CO possddc unc band* spdcifique Wen distinct© dc celle du CO r 
Le scut dJdmcnt qui peut Inicrfdrer dans la rone de sensibitud souhalldc cst la vapeur 
dcau. Cette Infer/drcncc peut dire dliminte par desiccation du gar ou mitux encore par 
one disposition spccialc des chambrcs rdceptriccs qui amdliorc considdrablemcnt la sdlcc* 
tivild (apparcil « UNOR » dc la Socictd Maiiiak). Cest ce dernier apparel! que nous avons 
otllisd (dchdle dc 0 k 100 ppm. limite de detection de 1'ordre de 1 ppm). Un prdlevement 
de quelqucs decilitres cst sufTisant ct I’analyse instantandc. L’apparei! a did rddlalonnd 
avant chaque dosage k I’aide d'un melange dialon dc CO dans 1‘azote. 

1) Dosage des poUuants irritants. Lc tube de prdlfcvernent cst ddsorbd en laboratoire 
par balayage k chaud sous courant d’azoze. Les produits dcsorbds recucillis dans une 
boucle plongdc dans l'azotc liquid* sont apres rdchauffage injectds en un seul temps 
dans le chromatographe, Cette opdration realise une concentration par un faetcur 100. 
ce qui permet d'obtcnir une grande sensibilltd. Le mode opdratoire dctailld a did ddcrlt 
par nous prdceddmment (Bourdix, Badre. Dumas. 1975). 

' c) Dosage de la nicotine . 11 a eld effected par chromatographic cn phase gazeuse par 

# unc technique ddrivdc de celle que nous avons decrite tree Caxo [3] (1970) mais ou le 

# ddtcctcur k Ionisation de flamme dlait remplacd par un ddtcctcur thermoioniQuc (•). La 
separation est faiie sur une colonne de 1/8* ct I«30 m de long, la phase diant constitute 
par du . CASCHROM 0 » imprdgnd de • UCON POLAR 50 HB * 3,2 % ct KOH 6 H. 

Le chromalographe cst un « Hewlett-Packard » mod cl e 5750 avec ddtecteur thermo* 
loniquc spdciflque des moldcules azotecs dans k? conditions opdratoircs suivantes : 

Debit gaz vecteur Helium 30 ml/mn. 

» hydrogfcne 28 ml/mn air 140 ml/mn. 

Tempdrature eolonne 110 *C. 

» ddtcctcur <00 ^C. 

La solution alcoolique acide provenant des barbotcurs cst dvaporde k sec k tempera¬ 
ture moddrde puls reprise par NaOH IN ct extraite en deux foil par 2 ml d’acdtate dVthyle. 
Les ext rails, sdchds sur SO, Na, anhydre son t recueillis en flacon bouchd Urd. ce qui 
permet db calculer le volume dd solvent k partir de sa masse en raison de sa volatiltid. On 
iqjecte 112 pi dans le chromalographe et calcule la concentration. 


( # ) Cela apporte unc amelioration ImporUnte, la sensibllild dtant nettement supdrleure 
k celle de Tionisation de flamme. ce qui permet deviter de concent re r les dchamillons. 
La spteiTidld assure cn outre une mcilleure separation et minimise la • traindc » du 
solvent. 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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RESULTATS OBTENUS 

1U sont rassemblds dans I* tableau I. 

Oxydt At carbone. Les valeurs trouvdes sent en gdndral izb% fafbles. Dans le css du celt 
LJL on m contT<Me que U valeur trouvde (B ppm) dtait da n^me ordre quc oellc qui a 
AtA mesurde sur k trottoir extdricur (pollution automobile ividente). 

PoUuaJits divers. Ilest difficile de trouver une correlation entre kur abondancc ct la 
pollution tabagique supposde. Ccla rdsulte ccrtalncmcnt du grand nombre de so u r ces 
possibles (gaz d'dchappement. cuisine, etc.). Bans Tenscmble les concentrations sont afro- 
snouts trfcs faiblcs et tits Inferieurcs aux concentrations maxlmale* admisslbles (CJ MJL). 

Nicotine, lies concentrations trouvdes, sauf dans les deux cas except ion nets de la 
chambre dtanche ct de Ja volllire cnticrcment fermfc ("), sont le plus souvent Jnfdricunes ou 
voismes de 50 pc/m* (ce qui correspond thdoriquement k la fumde d'une cigarette errriron 
dispense dans sine plftce de 20 m % ). 


VI Bont ratmosphfcrt dtait presque irrespirablc. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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DISCUSSION 


Let r&ullats obtenus tant pour le monoxjdt dc curbane que pour ks polluants l Vital 
da tracts n*6nt qu’unc valour indicative cn raison du caract&rc non splcifiquc de ces 
substances et de la djvcrsitd des sources possibles. On pout nlanmoins conclurc que les 
concentrations mesurves dans ks divers points contr&ids restenl notabtement Inf In cures 
aux niveaux admissibles (•). En sc basant sur les rlsultats qul paraissent en bonne corre¬ 
lation avec les dosages de nicotine on peut dire que les composes d'origtnc tabagique nc 
contiibuent que pour unc trfcs foible port A la pollution generate de ratmospfterc. En 
particulier pour le monoxyde dc carbone, dans ks cas ou son origins semble devoir ttre 
. attribute essentielkment k la fumre dc taboc (pas d'autres sources — pollution extlricurc 
faibk), sa concentration n’aticint pas le plus souvent ks valeux* admises pour k sdjour 


P) KB. : Les concentrations considlr&s commc admissibles dans ce m nc sont pas 
les valcurs admises en hygiene industricllc pour les locaux de travail mats ks concentra¬ 
tions, beaucoup plus faiblcs, autorifles so it par les organism** de fuite com re la pollu¬ 
tion (Environmental Protection Agency), soil pour k confinement de longue durle (CMA 
90 Jours des sous-mirins en patrouille). 


Annates pterrru fronts 197$. 15, n* 9-10 
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con tin u cn confinement (25 ppm pour la CMA 90 jours) et mime U valeur trh basic dc 
I? ppm fade par TE.F.A. (Environmental Protection Agency). 

En ce qui conccme la nicotine les valeurs trouvdes sent ncticroent infdricvrcs I ecllcs 
qui ont did avanedes par les auteurs panant soil deludes tlteoriques* soft dc mesurcs en 
bboratoire. EUes sent au contrairc trfcs supdricures A cetlcs qu’aobtenu Htsus (197S) (12) 
en utilisant k prdlevement sur Wire. Nous avons vu que cctte mdihode comport* tine 
erretir dc principe et nous avons vdrifid par example que dans une mdme atmosphere enfu- 
mle on trouvait 215 pg/m* par noire mdihode de prdltvement contrc 14! pg avec fittre 
• Cambridge * (12 $•) et seulcmcnt 5«5 ps 03 51) avec k fibre • MiHipore AA » utilisd 
par Htxns. Ccla correspond d'aillcurs au rapport dc nos rdsukats et de ceux de cel auteur 
dont ki valeurs sYchclonnent entre 1 et lOJfi pg/m\ 

line autre confirmation de Fappauvriisemcnt de b phase particulairc en nicotine est 
apportee par Fdtude en local clos de Involution simultande dc b densitd dc fumde (pho¬ 
tometric dc Tadrosot) et de b concentration cn nicotine toule (fig. 1). On constate que 


Fin L — 



et de b concentration en nicotine totale. 


cette dernifcre diminue beaucoup plus rapidement. probablement par condensation sur 
les parols et k sol ainsi qu’on peut k montrer en dosant comme nous Tavons fait la 
nicotine ddposde sur des plaques de verre placdes i cct efiet. Far excmple en 50 minutes 
k faux de nicotine diminue de 50 5 i (dtmi-vic) alors que b densitd d'adrosol baisse de 
snolns dc 50 91 en 1 heures. Ces rdsultau sent k rapprocher de ceux que rdsuvne Mox* 
TOM Cork 111) (Ryumde*. ddiu 1975) scion lesquck b demi-vie de U phase particulairc 
seralt de 41 minutes en Idea] dtanche avec brassage (curieusement II indique S4 minutes 
pour k monoxyrie de carbone, ce qui tendrait k prouver que la chambre nYst pas dtanche - 
pour ee gar). Dans b mime dtude Rylance* fait dtat de nos rdsultats antdrieurs avec 
Cako II] (1970) cn faisant remarquer que les taux respectils de nicotine (11 pg/nf) et 
de CO (40 ppm) que nous avion* mesurds sont dans tin rapport tres difldrcnt de celui 
d'AKKitsoM et de Daujau (1973) qui trouv&rent Ojl77 mg/rn* et 5 ppm et d$ Hakjoe [10) 
(1972) qui obtenait 0J51 mg/m* et fit ppm. 

11 faut remarquer que. dans nos mesurcs en chambre dtanche, nous avons dgalement 
obtenu apres fumage de IS cigarettes pour 40 mi* des concentrations de 0,517 mg/m* de 
nicotine et 50 ppm de CO et dans une pifccr ordinaire fcrmde non ventllde 0JQ5 mg/m* ct 
54 ppra* ce qui confirm* les rdsultats de Harke ct plus gdndrakment ks valeurs obtenues 
au cours dtessais de eourtc duri*. Dans nos essals antdrieurs avec Cano II s’cgissait d une 
exposition de trts longue durig (plusicurs jours) ct. conformdment k ce qui a did dit dc 
b dderoimnee spontande de b concentration cn nicotine II est normal que k taux moytn 
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permanent soil mid assez bas landts que 1c CO tcndait 5 tfaccumukr (el ndccxsHah mtme 
la snise en route pdriodiquc d’un absorbeur catalytique). 

La faibkssc dc ('impregnation par voie adrfcnnc du * fumeur pmtf » est confirmee par 
la determination dcs quantity dc nicotine cxcrvtdcs par vote urinairc. Dans noire travail 
antdrieur avee Olno ( 1970 ) nous avion* montrd quo les sujets non-fumeurs idjournant 
24 hcurcs sur 24 dans tine ambiance pollute par dcs fumcuri avee un taux almosphdriquc 
tnoyen de 30 k 49 ps/m*. eliminxient environ 30 pc de nicotine dans les urines dc 24 hcurct 
■alors qua les fumeurs en dlimimicnt environ 1 me par jour. Ccs rdsulials sont confirm** 

. par k travail rdeent dc Rcsscl ct Fete JtttEXD [19] (1975) qui trouvent chcx k fumeur passif 
. dcs taux urfaataes environ 200 iois plus faibles que ceux dcs fumeurs. 

11 aemble ralsonnablcmcnl prouvd par dcs cnqudtes nkumdes par R^uxwt 0974) que 
ks effets respiratoires de la fumde ne donnent pas lieu cbex les aon fumeurs normaux k dcs 
diffdrenccs signifies lives dans k taux des affections respiratoires. En ce qui concern le 
problem* des enfants, Coturr (27] (1974) rapporte les rdsultats cTunc enqudle dpiddroio* 
lofiquc effcctudc chez plus de deux mille deoliers et chez leurs parents. La frequence de 
la toux chec ks enfants parali k premitre vue atsocife avee ks habitudes tabagiques dcs 
parents, line dtroiie correlation existc entre ks symptOmcs respiratoires des parents ct 
dcs enfants. Mais lorsque ks symptdmes respiratoires dcs parents son! pris en compte, 
.(‘exposition des enfants k la fumcc dc cigagrctte produite par ks parents a peu d'effets 
sur ks symptomes dcs enfants. Ainsi, ks associations entre les habitudes tabagiques dcs 
.parents ct ks effets respiratoires sur ks enfants rapporldcs par d’auires auteurs et inter* 
prdtdes comme lidcs b ta pollution tabagique sonl k rallacber en fait pour la majeurc 
partic aux affections respiratoires dcs parents. 1) est dvidenl ndanmoins qui) faut decon- 
acitler aux responsablcs de jouncs enfants dc fumcr dan* ks chambrcs o£i les enfants resident. 

En revanche on nc peut nicr que certains sujets hypersensibles soient incommodds par 
la fumde. On n*a pas pu mettre cn Evidence avee certitude dcs effets aUergisants de bi 
fumde (Rvuxic*, 1974). Cependant SI est indi scut able que chcz une fraction Smportante de 
oon-fumeurs Imposition h la fumde sc traduil au moins par dcs manifestations dlrritation 
©culairc ct Q est intdressant dc rapporter ks rdsultau dc Tenquctc mende en 1971 k focca- 
sion de voyages adriens par la Federal Aviation Administration et k KJjOS-M. aux 
V S A. [6]. Forlant sur 3296 passagers k questionnaire a fait apparaltrc, malgrd la falblc 
valcur de la pollution attestcc par ks dosages dc CO, que 60 9* dcs non-fumeurs et tndme 
20 96 dCS; fumeurs: dtaient gends par la fumde dcs aulres passagers. Enftn, ft faut aouligner 
que dc nombreux asthmatiques sont incommodes dans les ambiances enfumdes, par un 
mdeanisme qui ndccssiierait unc analyse plus epprofondic; SI nc s’agit pas d T un mdca- 
nisme dc nature aflergique mais d'une augmentation dc la sensibilitd non spdcifiquc dcs 
rdeepteurs bronchiques aux irritants de la fumde ou d’un phenomdne psychosomatique. 


CONCLUSIONS 

Les dosages que nous avons pratiques dans des conditions rlalistcs montrem 
que dans lTatmosphfre des lieux ou Ton fume, les concentrations cn monoxyde 
dc carbon: et composants non spdciftques de lb fumde de tabac ne sont pas accrues 
dans unc proportion suffisante pour qu*c!les enlnifnent un risque loxicologique 
pour ks son-fumeurs cohabitant avee les fumeurs. 


En ce qui concerne h nicotine, sa concentration tolale dans les atmospheres 
pollutes par la fumle dc tabac est souvenl faible et le plus souvent infdrieure k 
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SO rg/m\ Si Ton suppose par exemplc que le non-fumcur nfjourne JO beures par 
Jour (travail + transport) dans unc atmosphere enfumie k SO rg/inP il inhalcra 
400 Kg dc nicotine dont il rcticnt au plus 80 %, soil 320 pg. Si l’on npproche ccb 
de ce qulnhale en moyenne un fumcur, suit environ 1 mg/cigarelic, tout so passe 
comme s le non-fumcur avait fum6 40 % d’une seule cigarette pendant que le 
fumeur en fumait une vingtainc. Sur k plan strictcmenl toxicoiogiquc on peut done 
dire qu*Q ny a pas de risque tabagique pour les non-fumeurs. 

En raison notamment des incidences psychosomatiques, particulifcrement nettes 
chez les asthma tiques, mais dgalcment possibles chez beau coup de non-fumeurs, . 
•8 est done parftitement diraisonnable d’inquidter Topinion pubiique par des aftir- 
mations sans fondement rfel fuisant du < fumeur passif » one victime dont b 
santd est menace par b cigarette de son voisin. II ne serait pas moins inadmis¬ 
sible que 1’on ne tienne pas coroptc, et I’enqu&te de b FA A. i’a abondamment 
prouvt, de b gfine que reprisente pour une fraction irfcs imporlante de Ja popula¬ 
tion, k plaisir que tirent leurs voisins de b satisfaction, en toutc circonstance et 
quel que soit le lieu, dc leur gofit pour le tabac. On ne peut done que souscrire aux 
initiatives tendant i renforcer ou l computer bs mesures de protection qui autre- 
fois cflicaces tendaient depuis quelqucs annfes it tire ndgjigees, notamment k res¬ 
pect des interdictions dans les transports en commun ou les compartiments riser- * 
vis aux non-fumeurs. 


BIBLIOGRAPHIC 


(I) Bouruis (M.), Badke (R.) el fiinus (Cl.). Analusis, 1975, 3, p. 34-38. ‘ 

(21 Bkicce (D.P.) et Corn (M.). Environmental Restarch, 1972, 5, p. 192-209. 

(3) Cano (J.P.), Citaus (3.), Baurc (R.), Bums (C), Vi.ua (A.) et Guiuxxsi (IL). Ann 

piiarm. /r, 1970, U. p. SSI-588. 

(4) Coix (P.V.) et Brown (E.). Lancet, 1973. /, p. 575-579. " 

(5) Dukoow (DA.). JAMA, 1973, 223, p. 336-337. 

(6) Federal Aviation Administration (anonyme) (1971). Health aspects of smoking in 

transport aircraft. Report US. Public Health Service Depart* of Health. Education 
and Welfare. 

P) Gviujckm (R.). Les Cehien Sandoz. 1969, 15, p. 29-47. 

(8) Guilloui (R->. Badre (R.), Hu (J.) et Masurel (C.). Revue de Tuberculosc et de Rneth 

mrdogie. 197 2, 36, p. 187-205. 

(9) Harks (H.P.). Hunch. Med. Wofchr „ 1970. HI if 51. p. 2328-2334. 

(10) Harkc (HA) et colL Int. Arch. ArbcUsmetL, 1972. 29. p. 323-339. 

1111 Hekmsen (H.) et EmrsBittcr* (E.). Arch. Hyt~ 1957. 141, p. 383. 

(12) Hess’ (M.). Literator Eildients. Roche. 1959,37, p. 49. . . '% 

(13) Hinds (MX.) et Fikts (MAY.). New England J. Med,. 1975. p. 844445. 

(14) Horning (E.G.) et coll, tile Sciences. 1973, 13. p. 1331-1346. 

(15) Huber (G.) New England Journal Med.. 1975. p. 85S459i *. 

(16) Kerr (C.). Derrick (J.). J. ColL Sc, I960. IS. 340-356. 

(17) Nuuaxx (RJ.L Sciences. 1973. 182. nr 4U0j p. 334-336. 

(IS) Rylaxder (R.). Scandinavian Journal of Resp. Diseases. 1974. Supplcm. nr 9|. 

|)9)i Russel (MA.) ct Feyeracenu (C.). Lancet, 1975. A p. 79-181. 

(JO) iScsSSEun et coll. Jt«V. ital. Igicne, 195S. U, p. 43-55. 

(21) Taylor (G.l. Scand. J. Rcsp. Dis., 1974, Suppl. nr 91. p. 5055. 

(22) Colicy (JJL.T.). Brit. med. Journal. 1974, 2. p. 201-205. 


w 

©* 

w 

CJ 

CJ 

00 

o* 

co 

s? 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 




**•***», 4 4 * 



Edited by R. Perry 
and PW. Kirk 


Source: https://www.i ndustrydocu merits, uc^ 















INDOOR AND 
AMBIENT AIR 
QUALITY 




Sold and distributed by Publications Division, 
Selper Ltd., 79 Rusthall Avenue, 
Chiswick, London W4 1BN 



ISBN 0 948411 04 X I 

1 



1 


Copyright held by 
©Selper Ltd., 1988 

Published by 

Publications Division, Selper Ltd., London 
Printed by Printext Ltd., London 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


2023380356 





icy in 
annual 


*ed to 
ay the 
atariy 
1 fro® 
WttBk) 
led to 


w for 


a® a 

tunnel 
riming 
z with 


t* for 
le an 
after 

91R of 


lehlin 

ilpful 


aril 


|art 


t 


DEVELOPMENT AND APPLICATION OF A THERMAL 
DESORPTION-RASED METHOD FOR THE DETERMINATION 
OF NICOTINE IN INDOOR ENVIRONMENTS 

RJi. Jtaklu, CV. Tbocnpeoe ft CE. Higgins 

Organic Cbeaistry Section, Analytical Cbcmtery DMsoa, Oak Ridge National Laboratory, Oak Ridge, 

toont BJBMD* USA 


ABSTRACT 

A personal monitoring aystea for the determination of exposure to 
nicotine hat been developed. The system consists of a sampling cartridge 
packed with 200 mg of TOnax CC R and a small, constant flow, personal saapllng 
punrp. After saapllng» the cartridges are analyzed by trie thy lamina-assisted 
thems1 desorption gas chroastography with nitrogen-selective detection. 
Collection and desorption efficiencies for the cartridges have been 
determined. The system has been applied In a variety of work sites, and in 
36 restaurants, where measured concentrations of nicotine ranged from 0.5 to 
37.2 


IffTRODUCTlON 

Environment el tobacco amoke (ETS), comprised of diluted and aged side¬ 
stream smoke mixed with mein-stream amoke exhaled by the smoker, represents e 
potentially significant contribution to Indoor sir pollution. Concentrations 
of ETS respirable suspended particulates (RSP) have been reported to range 
from 0 to 700 jigm** in Indoor environments (1) . A number of procedures have 
been applied for estimating ETS concentrations based on the measurement of 
concentrations of particular ETS constituents,, such as CO (2-5)i» oxides of 
nitrogen (NO*) (3-3), end particulate matter (4-9). However, these 
constituents of tobacco smoke are also the products of other combustion 
processes, an aspect which limits their utility as markers for estimating ETS 
levels, especially in complex atmospheres such as those which exist In Indoor 
environments. In contrast, nicotine'a uniqueness makes It a likely marker 
for ETS. 

Several methods hsve been developed for determinating nicotine 
concentrations at fixed sampling locations In Industrial settings (10,11). 
However,these ere of limited utility In more conventional environments, due 
to their relatively high lldlts of detection (L0D). Other methods reported 
In the literature for non-Industrial applications Include the use of cold 
Fetrl dishes (12), untreated glass fiber filters (4) or diffusion denuder 
tubes (13) for collection of ambient nicotine^ 

The development end testing of a number of personal monitoring systems 
which measure Individual exposures to ETS as determined by ambient nicotine 
concentrations have been reported recently in the literature: Solvent 
desorption-based systems Include personal sampling pumps coupled with 
commercially available XAD-4 cartridges (14, 19, 16) and HaHS04*treated. 
Teflon-coated glass flbsr filters (17), and a passive sampling system 
utilizing the treated filters (18). The limitation of using solvent 
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•x tract ion of samples la that only a Bull fraction of the analyte la 
actually analysed. Thta necessarily raises the theoretical LOD for such 
methods relative to those such as thermal desorption, that usa all of the 
acquired sample. Two thermal desorption-based personal monitoring systems 
for nicotine have been reported, one by Proctor (19) that employs an 
unspecified adsorbent and analysis system and another by Muramatsu at al. 
( 20 , 21 ), that utilise a an ammonia purge of the sample cartridge during 
desorption Into a gas chromatograph (gc). This method requires modification 
of the gc and desorption system by placing an ammonia bubblbr in-line with 
the carrier gas. 

This paper discusses the development and application of a thermal 
desorption-based personal monitoring system for nicotine using Tenax GC as 
tha adsorption material. Thlk system Is slmllbr In concept to tha system 
developed by Muramatsu; Its difference - and advantage • Is that it lacks the 
mechanical complexities of the ammonia purge during desorption and relies on 
a more commonly available trapping medium. 


OCrotlMENTAL 


PirtoTuI Konitorlns Systems - The air sampling cartridges developed consisted 
of W cm sections of k in. O.D. boroslllcate glass tubing which was treated 
with HH 4 OH and packed with approximately 200 mg of Tenax CC, 35-40 mesh, 
before use, cartridges were conditioned at 250*C, In a stream of Mj flowing 
at 40 mimin'* for at least two hours. The cartridges could be reused after 
washing (with 2-3 ml of methanol) and subsequent thermal reconditioning. 

Alpha-2 personal sampling pumps, available from DuPont (Kevmett Square, 
PA):, were used for sample collection In most experiments and were choesn for 
their light weight (410 g) and low-noise level during operation. For 
experiments performed in the chambers and offices, pumps were connected to 
Tenax cartridges with a section of flexible tubing, and air from tha area 
sampled was drawn through the cartridge. For sampling conducted in 
restaurants, tha pumps were vom under jackets and the sampling tubes placed: 
unobtrusively within 25 cm of the mouth of the Individual doing tha sampling. 
All samples were collected for at laast one hour with the pump operating at a 
flow rate of 170 mLmln*^. The cartridge was refrigerated at 3"C muitll 
analysis. 

Analysis Procedure - Nicotine standards were prepared by diluting redistilled 
nicotine (96%) In ethyl acetate which contained 0.01% trlethylamine (TEA) 
(19). Internal standards employing quinoline were prepared by diluting 
quinoline in a solution of ethyl acetate/5% TEA. Analyses were performed 
with a gas chromatograph equipped with a nitrogen/phosphorous detector 
(gc/NPD) and a 2 m x 2 am i d. glass column packed with 10% Cerbowax 20M/2% 
K0H on 80-100 mesh Chroaosoxb V-AV. The injector and detector were set at 
250*C and the column oven was programmed from 70”C to 175 # C at 4i*C/mln. „ 
following an Initial 8 minute hold. Typically, a calibration curve vae 
genarated from the desorption of 9 duplicate eats of Tenax traps loaded with 
amounts of nicotine ranging from 1.5 to 700 ng and with 250 ng of quinoline 
Internal standard. 

Atmosphere 1 Sampled - The initial axperimental atmospheres for the 
development of the Tenax method were generated in two stainless steel 
chambers with volumes of 0.4 and 1.4 a?. Side-stream smoke from a 281 
Kentucky Keference cigarette (procured from the University of Kentucky 
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Tobacco and Health Research Institute, Lexington, ICY) saoldaring in a laalnar 
flow smoke generator (22), vms pulled into ths saallsr chamber at a rata of 
30 Lain’ 1 and diluted vlth an air flow of 250 to 1000 Lain**, the exact rate 
depending on the concentration of ETS needed. Concentrations of partlculOte 
Better in the chaabers vers aonitored vlth a TS1-5000 piezoelectric balance 
(TS1, St. Paul, MN) and an FAS-1 light scattering sensor (CCA Instruments, 
Bedford, HA), vhlch ves aodlfled in our laboratory to enhance its 
sensitivity. The nicotine and PH concentrations utilized for these 
experiments are auch higher then vhet vould be typically observed In reel 
life situations and were used only to determine the potential utility and tha 
upper analytical Halts of the Bathed. After development oxperiaents 
involving the cheaber vere concluded, other experiaents were conducted in an 
un-occupied office at 0RNL. Diluted sidestreea evoke designed to simulate 
ETS ves produced by smoking 1R4F Kentucky Reference cigarettes st one 35 aL 
puff per alnutt on an ADL-1I saoklng amchine (froa Arthur D. Little Co., 
Ceabridge, HA). Meinstreea saoke ves collected In seeled Tedlar begs. 
Again. PH levels were aonitored with s TSI-5000 piezoelectric balance. 

Additional laboratory evaluations of the method'* performance vers 
conducted in an 16 a* environmental cheaber (23) used for ETS studies and 
located at the R. J. Reynolds Tobacco Company's facilities in Winston-Salsa. 
NC. PH concentrations in the cheaber vere aonitored vlth e TS1-5000 piezo¬ 
electric balance. Initial field evaluations vere conducted In vork areas, 
offices, co bb on areas, end dining areas at Oak Ridge National Laboratory. 
Field esapling was conducted In restaurants selected at random froa those in 
the Knoxville, IN Standard Metropolitan Statistical Area (SM5A) (Knox, 
Bibunt, and Anderson counties). 

RESULTS AND DISCUSSIONS 

Results of initial experiaents vlth Tenax cartridges shoved evidence of 
incomplete desorption of nicotine, vlth up to 10% of the nicotine remaining 
on the cartridge. In order to enhance nicotine desorption, an Intamal 
standard solution vas prepared vhlch Included 5% TEA. Internal standard 
spikes thus contained about 200 pg of TEA, vhlch, as a stronger ‘base, was 
thought to displace nlcotlhe froa acidic sites within the sampling cartridge 
or analysis train. 

Experiaents conducted In the 0.4 and 1.4 a* chambers vere performed to 
determine the functional capabilities of the method and the nicotine 
collection efficiency. Typically, nicotine and PH concentrations ranged froa 
lows of 34 end 74 pga*^, respectively, to highs of 302 and 757 pga~*, 
respectively. The ratios of nicotine to particulate Better in these 
experiments vere substantially higher then vhet has been reported In typical 
Indoor environments (24). However, this discrepancy ves judged of little 
consequence since investigation of nicotine levels vas the sole focus of the 
study. 

Experiaents to determine sample volumes at vhlch nicotine breakthrough 
became significant vere conducted by placing two Tenax cartridges in series 
and sampling froa simulated high concentration ETS environments In the 
chaabers. Results Indicated not more than 1% breakthrough for sample volumes 
ranging from 20 to 45 L end nicotine concentrations ranging froa 70 to 250 
Pgm . At lower aaapl* volumes, breakthrough percentages are expected to be 
correspondingly lever. 

In Table 1 are listed the results froa sampling of highly diluted 
sides treea smoke In an un-occupied office. This range of nicotine and PH 
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levels more closely approximated that which would be expected free stapling 
In public pieces. The correlation between nicotine and particulate levels 
was particularly high in this experiment, with the correlation coefficient of 
0.976 for a first order regression analysis of these two parameters. 

TABLE 1: CONCENTRATIONS OF NICOTINE AND PARTICULATE HATTER IN 
HIGHLY DILUTED SIDESTREAM SHORE MEASURED IN AN UN-OCCUPIED OFFICE 


PARTICULATE 

MATTER 


NICOTINE 
CONCENTRATION 
{»««•' 5 > 


The detection Halt of the method was determined by stapling, In 
triplicate, a very dilute environment of ETS generated in the office [air 
exchange rate -2.4 ACH (air exhanges par hour)] with one puff and one minute 
of smoldering from a 1R4F Kentucky reference cigarette. Following a one hour 
stapling period; analysis of the Tenax cartridges showed an average of 3.0 1 
0.3 ng per cartridge, corresponding to 0.3 jigm* 3 nicotine, with a relative 
standard deviation (RSD) of 10%. A second experiment conducted at a slightly 
lower ETS concentration gave an average nicotine loading, per cartridge of 2.3 
1 0.6 ng corresponding to a concentration of 0.2 #*ga'^ and an RSD of 26%. 
This level of variation was arbitrarily considered to be unacceptable for the 
method, so the detection Unit was defined as 0.3 jigm* 3 for a 10 L saaple. 
In practicev detection litait nay ba as low as 0.08 jigm* 3 if the sanple 
volune were increased to 40 L. 

In Table 2 are listed the results from a sampling study conducted in an 
18 n 3 chaaber at R. J. Reynolds. An evaluation! of the method' for ambient 
nicotine developed by Ogden et al (14) was being conducted simultaneously. 
The object of the study was to examine relative method performance at low ETS 
levels. In general, the data indicated that agreeaent between the two 
methods was excellent. 

Listed in Table 3 are the results fron sanplbs collected at Oak Ridge 
National Laboratory facilities which amounted to an In-house field test of 
ths nethod. The arithmetic mean and standard deviation of nicotine 
concentrations for all saaple sites is 10 5 t 17.2 #igm* 3 . However, the 
relatively high concentrations measured In ths first common area (36.5 ± 18.1 
Mgm’ 3 i influence the average disproportionately. As can be seen lh Figure 1. 
the date appear to be distributed in a log normal pattern; thus the geometric 
mean of 3.2 pgm' 3 may be more appropriate for this date set. 
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TABLE 2 : RESULTS FROM DETERMINATIONS OF NICOTINE 
BY TENAX AND XAD-4 METHODS 

KEAN NICOTINE CONCENTRATION. (jigar 3 ) 


KUN 

Ho. 

Particulate 

Hatter 

Concentration 

<M«m- 3 ) 

TENAX* 

0HHL b 

XAD-4 

EJR <A) e 
XAD-4 

*JK (»)« 

XAD-4 

1 

53 

2.3 




2 

14 

1,8 

*' 

• 

* 

3 

103 

5.0 

• 

- 

- 

4 

€2 

4.1 

4.1 

4.3 

4.3 

5 

16 

2.1 

2.1 

2.2 

2.3 

6 

128 

5.5 

5.5 

5.9 

5.7 

(a) N - 

3 da terminations 

. 0» 

Analyzed by 

tha authors using the method 


developed «t It. J. Reynold* Tobacco Co. N - 2 determinations. <c) Analyzed 
at R. J. Reynolds Tobacco Co. (30). N • 2 determinations. RJR (A) analyzed 
using 0.33 un i.d. capillary column with direct Injection. RJR (B) analyzed 
using 0.32 mm i.d. capillary column with split injection. 


TABLE 3 

NICOTINE CONCENTRATIONS MEASURED AT SELECTED LOCATIONS 
WITHIN OAK RIDGE NATIONAL LABORATORY 


AMBIENT NICOTINE 

AMBIENT NICOTINE 

LOCATION 

LEVEL 

(MB®* 3 ) 

LOCATION 

LEVEL 


4.2 ± 0.1* 


30.0 ± 0.9 


4.0 ± 3,5* 


80.-5 ± 2.1 


4.5 ± Ol5* 

Common Araa 

53.1 ± 2.8* 


6.7 ±0.9 


23,2 ± 2.9 

Offices 

0.7 ± 1.0 


39.7 ± 0.1 


1.1 ± 1.5 


12.6 ±1.2 


0.6 ± 0.8 




0.6 ± 0.8 


3.8 ± 0.1 


0.6 ± 0.9 

Work Araa 

2.2 ± 0.9 


0.5 ± 0.4 


1,0 ± 0i4 

Dining Area 

4.4 ± 0.8 


0.9 ± 1.3 


2.3b 

Common Araa 

1.7 ± 0.8 




0.8 ± 1.1 

Work Araa 

2.0 ± 0.3 



(a) N - 3 data ruinations, (b) N - 1. 

All others, N *2 d4 terminatIona . 
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KICOTWE CONCEVI RATION’ 

Figureil. Distribution of nicotine levels for work sites at ORNL. Not* that 
nicotln* concentrations listed arc the maxima for the individual 
cells.. 

Results from the field determinations of nicotine concentrations in the 
randomly selected restaurants are shovn in Table 4. Samples 21 and 29 were 
acquired simultaneously from the sane restaurant, with an RSD for theta two 
samples of 1%, suggesting good reproducibility for the method. Nicotine 
concentrations found in the restaurants ranged from 0.5 to 37.2 egm** with an 
arithmetic mean of 5.4 1 6.4 jigm**. As In the treatment of the data from the 
in-house sampling and analysis, a plot of the distribution of the 
concentration data Indicates that It fits a log normal rather than Gauss Ian 
pattern (Fig. 2). The geometric mean was computed to be 3l5 m8 » . while the 

951 confidence boundaries on the median of the distribution were 2.5 and 4.8 
^ga*^. By way of comparison, in Table 5 are listed selected results from 
studies performed by other investigators in a number of different public 
environments. In general, our results are comparable to those reported by 
these Investigators. 

Major factors likely to affect nicotine concentrations In a restaurant 
are the number of cigarettes smoked, the volkme of the room, the proximity of 
smokers to the sample location, and the air exchange rate (data relative to 
this last factor were not acquired). The Pearson's correlation coefficients 
(r) for first order regressions of nicotine concentration to number of 
cigarettes, number of smokers, restaurant volume, and distance to the closest 
smoker are 0.669, 0.783, 0.049, and -0.135, respectively. The significance 
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SAMPLE 

HUMBER 

TABLE 4 : ITS 

# SMOKERS 

OBSERVED # CIGARETTES 

HICOTINE LEVELS 1H RESTAURANTS 

ESTIMATED 

RESTAURANT CLOSEST 
• CIGARS VOLUME SMOKER 

OR PIPES (* 3 ) (ft.) 

NICOTINE 

CONCENTRATION 

34 

0 

0 


179 


0.5 

16 

0 

0 


395 


0.5 

24 

1 

1 


198 

6 

0.7 

21 

1 

1 


41 


0.8 

10 

0 

0 


638 


11.1 

20 

7 

9 


227 

3 

1.4 

31 

2 

2 


272 

12 

1.5 

14 

1 

2 


293 

20 

1.5 

25 

1 

1 


136 

8 

1.6 

18 

2 

2 


1204 

15 

2.3 

19 

0 

0 


453 


2.3 

27 

2 

2 


317 

10 

2.4 

29 

6 

8 


1700 

10 

24 

9 

8 

9 


310 

5 

2.5 

2 

7 

8 


113 

8 

3.3 

26 

6 

7 


213 


3.3 

22 

4 

3 

1 

170 

3 

3.5 

11 

12 

14 


204 


4.1 

12 

9 

9 


1785 


4.2 

15 

4 

4 


198 


4.3 

35 

10 

11 


623 


4.5 

32 

5 

7 


397 


4.8 

33 

6 

10 


1063 

14 

4.8 

23 

5 

8 

1 

238 

10 

4.9 

7 

8 

11 


2380 

5 

5.6 

1 

15 

18 

1 

744 

2 

5.7 

6 

6 

8 


340 

2 

3.9 

4 

4 

3 


179 


7.3 

5 

4 

3 


179 


7.4 

17 

19 

35 

1 

680 

4 

7.8 

28 

10 

15 


204 

5 

8.0 

13 

9 

10 


177 

6 

9.3 

30 

19 

25 


793 

4 

12.1 

3 

33 

43 


1666 

3 

12.6 

8 

14 

18 


680 

3 

13.5 

36 

- 

30 


272 


37,2 


M3 
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Figure 2. Distribution of nicotine levels in selected Knoxville, Tennessee 
exes restaurants. Hots that nicotine concentrations listed are the 
aaxlna for the individual cells. 


TABLE 5: PREVIOUSLY REPORTED ETS H1C0T1NE LEVELS IH PUBLIC PLACES 


LOCATION 


RANGE OF OBSERVED MEAN INVESTIGATORS REFERENCE P 

HKffiHKE LEVELS (If REPORTED) 

<W* J ) <W°> 


Restaurants 
Restaurants 
Restaurants 
Offices 
Offices 
Offices 
Offices 
Cobb on Areas 
CossBon Areas 
Aircraft Stoking 
Sections 

Aircraft Sacking 
Sections 

Aircraft Non-Saoklng 
Sections 


7.1 - 27.6 14.8 

5.2 

0-24 5 

3 . 40 - 

9-32 
6 - 20 

0 - 70 5 

2-36 

1-3 

6-29 15 

0 - 112 9 

0-40 6 


Muranatsu, at al 

20 

Hinds and First 

25 

Oldaker, et al 

16 

Haaaod. et al 1 

17 

Murasatsu, et al 

20 

Huraaatsu, et al 

21 

Oldaker, et al 

7 

Huraaatsu, et al 1 

2D 

Hinds and First 

25 

Huraaatsu; et al 

21 

Oldaker A Conrad 

15 

Oldaker A Conrad 

15 


i 

i 
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levels (p) for the regressions art 0.0001, 0.0001, 0:776, and 1 0.396, 
respectively. A correlation Is chut Indicated between nicotine concentration 
and both the nuabtr of cigarettes and autbtr of smokers. If sample 36 Is 
eliminated from tht regreselon analysis for nearest Mok.tr, thin p - 0.03, 
indicating a com 1st ion bttwttn nico tint conctntrttlon and thla parameter. 

C0HCIOSIONS 

A Bathed for tht determination of personal txposurt to cone tnt rat ions of 
nlcotlnt in Indoor environments has boon developed. Tht method has a low 
detection Halt and can bt ostd unobtrusively. Tht procedure has bttn 
applied to the dtttralnatlon of nlcotlnt concentrations In a nuabtr of 
restaurants and the results seta comparable to those obtained by other 
researchers utilizing different aethods for stapling In restaurants and other 
public places. 
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Estimation of Personal Exposure to Tobacco Smoke with a 
Newly Developed Nicotine Personal Monitor 


Motohiko Muxamatsu, Setsuko Umemura. Takashi Ok ADA. AND 

Hideo Tomita 

Ctairal Metemrck Institute. The Jap** i T ob a cco 4 Salt Pmbitc Corporate*. 4-2 Utmtpaoka, 
MidohJtM. Y oLob a ma. Kaow* 227, Japan 

Kcnivvd Avgust I ft. MS 

tb cvmhiste tkr actual ftewl of exposure of vontmokm to tobscco smoke in their living 
en vir o nmen ts, a convenient personal monitor of nicotine specific for tobacco smoke hat 
been developed: The nicotine personal monitor consists of a sampler tube contammg 450 
m| of Uniport*S coated with silicon OV-17 and a portable samplini pomp with a mechamcMl 
counter to r obuinim total sampling volume. Using the personal monitor attached to a 
nonsmoker, ambient nicotine was collected in the sampler tube by driwii* environmental 
air at a constant flow rate for a maximum period of I hr The collected nicotine was desorbed 
by heating and directly transferred onto a GC column with a earner gas The amounts of 
nicotine inhaled by passive smoking in various living environments were estimated to be 
in the range of 0.9-40 ufhr These levels arc equivalent to those from the active smoking 
of about 0.001 £-0.044 ordinary cigarettes in I hr 

INTRODUCTION 

In studying the influence of passive smoking, it is fundamentally important to 
determine the actual level of person*! exposure of nonsmokers to tobacco smoke 
in their usual living environments. 

In previous studies, the level of passive smoking has been evaluated on the 
basis of concentrations of (a) indoor air pollutants such as particular matter (9. 
20). CO (2.5.9, 19. 20). and nicotine (2.8.9. 20) measured at a fixed monitoring 
station, and:(b) some constituents in biological samples such as COHb (I. 6. 9. 
14. 15). blood and urinary nicotine (4, 6; 16): and urinary hydroxyproline. HOP 
(12). However, these methods are not accurate enough to evaluate quantitatively 
the actual level of personal exposure to tobacco smoke, because (a) concentra¬ 
tions of particulate matter, CO, COHb. and HOP are affected by other air pol* 
lutants as well as tobacco smoke; (b) inhaled nicotine is reduced by half in a short 
time in the human body (13). though nicotine is specific for tobacco smoke; and 
(c) fixed monitoring does not entirely represent the actual level of air pollutants 
that people encounter in their daily lives. 

In the present work, a pocketable personal nicotine monitor specific for tobacco 
smoke has been developed and applied tp the estimation of the actual level of 
passive smoking in the usual living environments. The results showed that the 
amounts of tobacco smoke inhaled by oonsmokere were very small compared 
with those of active smokers. 
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Fig I. Druih of sampler tube. j 

I 

MATERIALS AND METHODS V * 

Personal nicotine monitoring system. The methods so fir used for the deter- I j 

mi nation of ambient nicotine (2. 3. ».li, 20,21) ire inadequate for the evaluation 
of personal ^exposure to nicotine from the viewpoint of sensitivity and facility of 
measurement and portability of sampling device. The newly developed nicotine 
personal monitor has overcome these defects as described below. 

The personal monitor consists of a sampler tube and a smalli light-weight sam¬ 
pling pump (about 340 g) with a mechanical counter for obtaining total sampling 
volume. The personal monitor can be carried conveniently by a person throughout 
a sampling period. The details of the sampler tube are shown in Fig. 1. The 
sampler tube, made of Pyre* glass (12 cm long. 6 mm i.d.). contains 450 mg of 
Uhipon-S (60-80 mesh) coated with 10 wi% of silicon OV-17 as a nicotine ab¬ 
sorbent This absorbent was selected after several trials. The sampler tube packed 
with the absorbent was aged at 3I0*C for more than two days by passing nitrogen 
gas through the tube at 40 ml/min. 

Using the personal moniior attached to a nonsmoker, ambient nicotine was 
collected on the sampler tube by drawing environmental air through the tube at 
a flow rate of 40 ml/min for a period of 1 lot hr unless otherwise specified. After 
the collection of ambient nicotine, 5 pi of n-propanol solution containing 400 ng 
of 7-methylquinoline (7-MQ) was injected into the sampler lube as an internal 
standard. Then* the sampler tube was placed in a cylindrical furnace healed at 
280*C and one end of the tube was quickly connected to the injection port of a 
gas chromatograph (GC) via a needle with a side hole and the other end to the 
carrier gas bypass shown in Fig 2. Passing the carrier gas through the sampler 
tube, collected nicotine and 7-MQ were desorbed and directly transferred onto a 
GC column. Thermal desorption was allowed to continue for 8 min* while the GC' 
column temperature was held at 70*C during the desorption period in order to 
trap and concentrate both nicotine and 7-MQ on the top of the column. During 
the first 3 min of thermal desorption a small amount of ammonia vapor was added 
three times into the carrier gas by bubbling the carrier gas through 33 wt9t am¬ 
monia water for 6 sec. once per min. The addition of ammonia vapor is effective 
for thermal desorption of nicotine and 7-MQ against the acidic property of Uni- 
pon*>S. 

A Teflon sealing tape used to bring the needle and the sampler tube into tight 
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Fic. 2 Schematic diagram at apearaiu* for mcaMircmcei of ambient mceunc (I) N, aiet: Cl 4- 
•ay cock; (J) iwervoir for NH/>H. (4) J-n*> cock; (5) aeedk; (*l aampler u»be; fli heater; Ml 
thermocouple. (f) temperature regulator; (101 cofoaai tlUFTD; (12) bypau 

conuct wu treated at 320*C before use until a ghost peak attributable to the tape 
disappeared on the gas chromatogram. 

Cat chromatography. A Hitachi 663-30 GC equipped with a nitrogen-sensitive 
detector was employed under the following conditions. 

Column: 2 tn x 3 mm i d. glass column packed with Chromosorb W (AW- 
DMCS. 30-60 mesh) coated with 10 wt% of PEG-20M and 2 wt$f of KOH. 

Column temperature; initially maintained at 70^0 for 8 min and then pro¬ 
gramed to I B3*C at 46*C/min and maintained at I85*C until completion of elution. 

Detector and injection temperature: 300*C. 

Carrier gas: nitrogen; 40 ml/min. 

Additional gas: nitrogen: 7.3 ml/min; air: 75 ml/min; hydrogen: l.S ml/min; 

Bead current: 1,33-1.60 A. 

The time required for CC analysis per test sample is about 20 min. including 
the thermal desorption period. Peak areas on the ps chromatogram were mea¬ 
sured with a digital integrator (Ihkedariken Inc. Co. Ltd.. Mode) 2213); 

Calibration curve. The calibration curve of nicotine was prepared by use of a 
series of n-propano! solutions containing widely different amounts of nicotine (0- 
100 tig/ml) and a constant amount of 7-MQ (80 pg/ml). After the injection of 3 |d 
of each solution into the sampler tube, nicotine and 7-MQ were desorbed and 
directly transferred onto the GC column for analysis as described above. A plot 
of the peak area ratio of nicotine/7-MQ to the amount of nicotine pve a pod 
linear line over a wide range of nicotine from 0 to 500 ng. 4 
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TABLE I 

CotumoN Eftkumcy or Ambiekt Niconrwi om Samelo Tube . 


me 

Run 

Amount of nicotine 
collected (at) 

Collection 
efficiency 
((A - BVA. *) 

A (first) 

B (lecond) 

40 
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147.1 

1.1 

96 7 
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1999 

1.5 

•19 



1519 

60 

96 11 

too 


310.2 

14 

•95 
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492.0 

6:7 

•16 
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1.6 

*9.4 


1 

1946 

M 

•10 


Personal.sampling pump. A MDA 808 (MDA Scientific Inc.) persona) sampling 
pump was used. The sampling volume per stroke of the pump was calibrated for 
the individual sampler tubes under actual operating conditions, using a gas flow 
meter (Shinagawa Keisoku Seisakusho Inc., Model WK-0.5). 

RESULTS AND DISCUSSION 
Collection Efficiency of Ambient Nicotine 

The collection efficiency of ambient nicotine on the sampler tube was examined 
by drawing environmental air at 40 or 100 ml/min for 8 hr through the two sampler 
tubes connected in series. Table 1 shows the amounts of nicotine collected on the 
first tube. A. and the second tube, B. as well as the collection efficiency of 
ambient nicotine per sampler tube. The collection efficiency was calculated from 
equation (A - BVA by assuming that the amounts of nicotine collected on the 
individual sampler tubes connected indefinitely would be represented by a geo¬ 
metric progression. 

More than 98.351 of nicotine was collected on the first tube regardless of sam¬ 
pling rate examined except for one sample, while the amount of nicotine collected 
on the second tube was negligibly small. 

Stability of Nicotine Collected on Sampler Tube 

After the injection of 5 pi of n-propanol solution containing 100 ng of nicotine 
into the intet portion of the sampler tube , nicotine-frce air was passed through 
.the tube at 40 or 100 ml/min for 8 hr to determine the stability of nicotine on the 
absorbent during a sampling period. 

The results presented in Tkble 2 show that the recovery of nicotine after aer¬ 
ation is close to 10096 regardless of aeration rale examined; 

In a separate experiment a sampler tube containing 100 ng of nicotine was 
purged with nicotine-free air or nitrogen ps and then stored for 4 or 7 days at 
room temperature to determine the stability of nicotine on the absorbent during 
a storage period before GC analysis. 

The results summarized in Table 3 show no significant difference in the recov e ry 
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TABLE 2 

Stability or Nicotine on Samiui Tim m» kctMxno* tmi» 


Arraikm mf m 

Recovery after aeration fit) 


(mltoin) 

Mean 

SD 

40 

U.2 

1.7 

too 

U4 

IJ 


* Samplei were aerated (or I hr. 


of nicotine among the samples stored for 4 or 7 days in different atmospheres. Ini 
any case the recovery is over 96% in average. 

Such a high collection efficiency and stability of nicotine on the absorbent 
should be attributable to the acidic property of Uniport-S. 


Desorption Efficiency of Nicotine from Sampler Tube 

A mixture of 100 ng of nicotine and 400 ng of 7-MQ dissolved in 5 «d of n- 
propanol was injected into the sampler tube and then directly desorbed onto the 
GC column by heating. On the other hand, as a control experiment the same 
amount of the mixture was directly, i.e„ not via sampler tube, injected into the 
GC column. In both experiments GC analyses were achieved under identical 
conditions. The recoveries of nicotine and 7-MQ thermally desorbed from the 
sampler tube were determined by comparing their peak areas with those of the 
control experiment. 

The results are summarized in Table 4» which shows that the recoveries of both 
components increased to over 96% by the addition of a small amouni of ammonia 
vapor in the initial period of thermal desorption. When no ammonia vapor was 
added, recoveries of nicotine and 7-MQ were reduced to about 85 and 93%. 
respectively. Such improvement of thermal desorption efficiency by addition of 
ammonia vapor is also attributable to the acidic property of Unipon-S. 
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TABLE 4 

Tneuim. Dcsovtion EmcuMcus or Nicotine and 7-Mftmvlquinouni imm Saimi Tube 
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Influence of Sampling Rate on Measured Value of Nicotine Concentration 

Three personal nicotine monitors were placed in the center of a closed chamber 
polluted with tobacco smoke. Nicotine was collected simultaneously at three 
different sampling rates. 40,100 and 200 ml/min, for IS min either with or without 
a forced wind from an electric fan. The amount of nicotine collected on each 
sampler tube was measured and corrected for respective sampling volume to 
obtain the nicotine concentration. The results shown in Table 5 are expressed as 
relative concentration, where the value obtained at a sampling rate of 40 mlftnin 
was taken as 100. 

Tkblc S clearly shows that the measured value of nicotine concentration is 
independent of sampling rate whether there is a forced wind or not. For particles 
larger than 1 jun, the concentration in the sampling stream entering the sampling 
tube is dependent on the velocity ratio of the sampling strtam to the environ¬ 
mental stream, when there is a velocity difference between the two streams (7)i 
However, since tobacco smoke particles suspended in environmental air is gem 
erally smaller than 0.3 pm (10), the nicotine concentration in the sampling stream 
should be essentially independent of the sampling rate and the environmental 
stream, as demonstrated in Table 3. 


TABLES 

Emn or Samsung Rate on Measubid Value or Nicotine Conczntbatwn* 
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Changes in Ambient Nicotine and Particulate Matter Concentrations 

An example of changes in concentrations of nicoline and particular mailer 
-'“measuredai a fixed station in a ventilated ofTice is Olustrated in Fig. 3* Paniculate 
matter was monitored continuously with a respirable aerosol monitor (17) and the 
average value in IS min was plotted ^ while nicotine was collected at 30-min in¬ 
tervals at a sampling rate of 200 ml/min. The profile of change in nicotine con¬ 
centration was fkiriy comparable to that of paniculate matter. Nicotine and par¬ 
ticulate matter reached maximum concentration at the beginning of office hours. 

Advantages of Nicotine Personal Monitor 

The range of accurate measurement of nicotine was from 5 to 500 ng per sam¬ 
pler tube. For example, if air samples are withdrawn at a rate of 40 ml/min for I 
hr, the personal monitor is applicable to the measurement of ambient nicotine 
ranging in concentration from 2 to 200 pg/m 3 . This sensitivity is about 10-100 
times as high as that of previous methods (3. IB; 21) utilizing wet processes. Of 
course, sampling rate and/or sampling time should be changed according to the 
concentration of ambient nicotine. The other principal advantages of the monitor 
can be summarized as follows. 

(1) The monitor is lightweight. compact and pocketable. > 

(2) The sampler tube can be reused after desorption of a lest sample . $ 

(3) Direct thermal desorption of nicotine from the sampler tube onto the GC 
column simplifies and speeds up the analytical processes. 

(4) Since-no pretreatment of analytical sample, except for the addition of 7- 
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HQ. is involved before GC analysis, the sample is free from possible contami¬ 
nation by nicotine from glass ware, sol vent. etc. 

Evalua tion of Level of Passive Smoking in Various Living Places 

Using the personal monitor attached to a nontmoker, nicotine concentrations 
in various living environments were measured. The results are summarized in 
Ikble 6. “Amount of nicotine inhaled per hour” shown in the fifth column was 
estimated by multiplying nicotine concentration by respiration volume, 0.48 m / 
hr. “Equivalent cigarettes smoked per hour” shown in the seventh column rep¬ 
resents the kve! of passive smoking based on the amount of nicotine inhaled. 
These values were obtained by dividing "amount of nicotine inhaled per hour 
by the nicotine amount inhaled by active smoking of one ordinary cigarette, 0.9 

The concentration of ambient nicotine in various living environments was found 
to be in the range of 1.8 (in a laboratory) to 83 pgto* (in a car) as far as we 
.examined the matter. Therefore, the amounts of nicotine inhaled by passive 
smokers in their living environments could be estimated to be in the range of 0.9- 
40 pg/hr. These amounts are equivalent to those inhaled by active smoking of 
•bout 0.001-0.044 ordinary cigarettes in one hour. Average amounts of nicotine 
passively inhaled in cars, tea rooms, and conference rooms exceeded 15 pgfor. 
Yet, even in these instances, passive smokers will rarely inhale more than 45 pg/ 
hr of nicotine, corresponding to active smoking of about 0.05 ordinary cigarettes 
in one hour. 

Weber and Fisher (20) found very low levels of nicotine of 0.9 s 1.9 pg/m 1 on 
average in various workrooms. Hinds and First (8) measured nicotine concentra- 
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tioes ranging from 1.0 to 10.3 pgfan’ in various public places and estimated that 
tbe Donsmoker inhales tobacco smoke equivalent to active smoking of 0.001 -0.01 I 

filter cigarettes in one hour i Similarly Badre et el. (2) found thai indoor nicotine 
———concentrations were mostly less than 50 |ig/m*. 

Tbe results shown in Table 6 arc broadly consistent with those of Hinds and 
First, and Badre et al. Thus, the amount of tobacco smoke inhaled should be 
very much smaller for passive smokers than for active smokers, as previously |; 

pointed out by Klosterk&tter and Gono (I I). I 

Hugod ri al. (9) demonstrated that nicotine concentration exceeded 100 |ig/m’ ! 
in a closed, unventilated smoky room in which CO concentration was held at a 
high constant level of 20 ppm by intermittent addition of freshly generated smoke. 
According to their estimates, at even such a significantly higher level, passive 
smokers must spend SO hours in the room to inhale tbe same amount of nicotine 
as is inhaled by the active smoking of one cigarette. Asano (1) estimated that a 
noosmoker exposed experimentally to tobacco smoke produced by 10 cigarettes 
per hour in a poorly ventilated room will have Hood COHb level equivalent to 
smoking of one cigarette in ooe hour. In both experiments, however, smoke 
concentration is unrealistically high and wfll not represent the level that non- 
smokers usually encounter in their living places. 
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Estimation of personal exposure 
to ambient nicotine in daily environment 


Motohiko Muramatsu 1 , Setsako Untmn'vJnkU Fakul 1 , Tattoo Aral*, 
tod Shiro Kira 1 
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Kanaga»a227 

~Jacbi Medical School. 3311-1 Yakushiji. Minamikawachi. Kawadu. Tockigi 329-W. Japan 


Summary. To evaluate the actual exposure level of nonsmokers to environ¬ 
mental tobacco smoke (ETS) in their daily life, the exposure level of am¬ 
bient nicotine was measured with a nicotine personal monitor earned by a 
nonsmoker. Average exposure levels of nicotine, even in such smoky places 
ascars. coffee shops and pubs, were less than 45 pg/m 3 . As a result of allkiay 
monitoring, the highest amount of nicotine inhaled in a day was estimated, 
in this study, to be up to 310 ug, equivalent to actively smoking 0.3i ordinary 
cigarettes. 

Key words: Passive smoking - Nicotine personal monitor - Environmental 
tobacco smoke (ETS) - Exposure level 

Introduction 

Several epidemiological studies have suggested a relationship between passive 
smoking and an increased risk of lung cancer [12). However, one major dispute 
about these studies is the lack of measurement of actual exposure to ETS (7. 
10)1 When studying the health effects of passive smoking, it is important to de¬ 
termine the actual exposure level of nonsmokers to ETS in daily life. 

The exposure level to ETS has previously been evaluated by measuring con¬ 
centration of such constituents as nicotine, eotinine and COHb [e.g. 4-6.8) in 
body fluids. Meanwhile, the authors have recently developed a convenient per¬ 
sonal nicotine monitor to estimate the exposure level of nonsmokers to ETS in 
the living places [9]. In the present work, by using the personal monitor carried 
by nonsmokers, exposure levels of nicotine in various daily environments and 
daily lives were measured. 


Materials and metht> '« 

The personal:monitor consists of a sampler tube (Pyre* glass; 12-cm-long. 6-mm-i.d.l and a 
small samplm* pump f^outiS* MP * Scientific Inc.. Model 808) fitted with a means of 

Offpnm requests ro M. Muramatsu at the above address 
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measurini umplc volume. The personal monitor can be earned conveniently by a person 
throughout a sampling period. The sampler tube contains 450 mg of Umport-S (6ft to ftO mevh: 
Cas-kuro Kogyo Co ) coated with 4wt% of silicone OV-17 at a nicotine absorbent! Prior to 
the coating, the acidity of Unipon-S was adjusted with KOM to 30 to 70umol/g when calcu¬ 
lated according to the n-butylamme titration method 111 ] using methyl red as an indicator 
The umpler tube packed with the absorbent was aged at 31CTC for 15h by passing nitrogen 
gas through the tube at 40ml/mini 

Ambient nicotine was collected on the sampler tube by drawing air through the tube at a 
flow rate of 40ml/min for a period of 1 to 6 h. After collection. S ul of nrpropanot solution con. 
taming 400 ng of 7-methylquinoline (7-MQ) was injected into the sampler tube as an internal 
tundard. Then the umpler tube was placed in a cylindrical furnace heated to 3KTC and con* 
nected to a gas chromatograph (GC) with a nitrogen-sensitive detector. By passing the carrier 
gas through the sampler tube, collected nicotine and 7-MQ were desorbed and directly trans¬ 
ferred onto the OC column (2 m x 3 mm i.di glass column) packed with Ghromosorb W (AW- 
DMCS. 30 to 60 mesh) coated with 10wt% PEC-20M and 2wt% KOH1 The thermal desorp¬ 
tion was allowed to continue for grain. while the column temperature was held at 70*C in 
order to trap and concentrate both nicotine and 7-MQ on the top of the coliimn . During the 
first 3 min of the thermal desorption, a small amount of ammonia vapor was added three times 
into the carrier gas by bubbling the carrier gas through 3$wt% ammonia water for 6s. once 
per min. The addition of ammonia vapor is effective on the thermal desorption of nicotine and 
7-MQ against the acidic property of Unipon-S. After the thermal desorption time, the column 
temperature was programed to I85*C at 46*C/min and maintained at I83*C until completion 
of elution. 

Both the collection and desorption efficiencies of nicotine were nearly 100% 


Results and dbcasston 


Figure 1 shows the average and sundard deviation of personal exposure to am¬ 
bient nicotine in various places. The values in the offices, households and pubs 
are an average from an 8-h sampling period, and the remainder are from a 1-h 
sampling period. The “amount of nicotine inbaled r shown in this figare was 
estimated by multiplying the nicotine concentration by a respiration volume of 
0.46m 3 /h. Then the “equivalent cigarettes smoked", which represent the level 
of passive smoking, can be obtained by dividing the “amount of nicotine in¬ 
haled" by the nicotine amount (l mg) inhaled through active smoking from one 
ordinary cigarette. 

The average exposure level of nicotine in three ventilated offices. A. B and 
C. was in the range of 5.9 to 19.8 pg/m 3 . The nicotine inhaled is estimated to be 
in the range of about 2.8 to 9.5 pg/h. This value was calculated to beequivalent 
to the amount of nicotine inhaled through active smoking from 0.003 to 0.010 
ordinary cigarettes/h. 

Figure 2 shows the exposure levels measured over one week for three sub¬ 
jects, a, band cat Office C with 72nr of floor space. They were exposed to 3.0 1 
to 10.2 pg/m 3 of nicotine in their ventilated office, where 28 to48cigarettes had 
been smoked daily. The exposure level of Subject a always showed the highest 
level, indicating that the actual exposure to ETS may differ with each subject, 
even in a small office. 

Exposure levels in coffee shops, pubs and cars, naturally influenced by the 
number of cigarettes smoked and the ventilation conditions, showed lelatively 
high values (Fig. 1). Average exposure level of nicotine in such places was in the 
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flg:l. Personal exposure to ambient nicotine in various environments, (a) Respiration vo1+ 
ume was estimated to be 81/min: (b) Amount of nicotine in main stream smoke was estimated 
to be lmf/cig 


range of 31.5 to 43.2 pg/m\ However, even in these instances, a nonsmoker 
does not inhale more than 50 ^h of nicotine, equivalent to active smoking of 
about 0.05 cigarettes/h. 

The average exposure levels in the smoking seats and the no-smolting seats 
of trains and airplanes were 16.7 and 1.3. and 13.5 and 5.3 yg/m\ respectively 
(Fig. 1). The highest nicotine exposure levels in the smoking seats of trains and 
airplanes were 48.6 and 28.8 pg/m'. respectively. However, these values were 
only equivalent to the amount of nicotine inhaled through active smoking from 
0.023 and 0.014 cigarettes/h. 

The exposure level to ETS depends on many factors, including rocm size 
and time of day. Further, people do not live in the same environment for 24h. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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Nicotine concentration <p9/m J j 



Fi|.2. Personal exposure of office workers to ambient nicotine in their office C 


so the exposure level will differ with the behavior of individuals throughout the 
day. 


Figure 3 shows the results of all-day monitoring of nicotine exposure for the 
nonsmoking subjects with or without an occupation in two cues where their 
families include and db not include a smoker. In this measurement, the sampler 
tube was exchanged every 8 b and the exposure level was monitored continu¬ 
ously for 1 to 6 d. 

Nicotine inake is particularly high in subjects who are exposed to ETS at the 
workplace and at home. Some exposure to nicotine was also observed for many 
subjects without a smoker in their family. These results indicate that non- 
smokers without a smoker in their family are also exposed to ETS when a 
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fl|* 3. Personal exposure to ambient nicotine over a period of 24 h in daily We. (a) S(+): with 
smoker in family* SC—f: without smoker is family; (h) W(+): with occupation. W(-): without 
occupation 


smokeT visits, or when they go out. Therefore, it is impossible to evaluate their 
exposure to ETS based only on the smoking habits of their families. 

In this all-day monitoring, the subject with the highest daily average of 
nicotine exposure was a housewife with a smoking husband. According to her 
report, she attended a party with him on that day . As a result, her daily average 
of exposure level amounted to 27.3pg/m\ and the daily amount of nicotine 
inhaled was estimated to be up to 310 pg. equivalent to actively smoking 0.31 
•cigarettes. 

Hinds and First [3]. Bardre et al. [1] and First [2] reported that nicotine con¬ 
centrations in various public places were in the range of 1 to 10.3.20 to 50 and 
2.7 to 30|»g/m\ respectively. Our result is consistent with theirs. Thus, the 
nicotine level in daily environments will rarely exceed lOOpg/m 1 . If a man stays 
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in a room with a 100 ^g/m 5 nicotine Ibvel for Ih, the amount of nicotine he will 
inhale is estimated only to be equivalent to that inhaled by naively smoking 
about 0.05 cigarettes. 

Therefore, we can say that the amount of nicotine inhaled by a nonsmoker 
in bis daily life is far smaller than that inhaled by a smoker through active smok¬ 
ing. 

Nicotine is an excellent marker for ETS exposure because of tu specifity for 
tobacco smoke. It b not necessarily clear, however, whether nicotine intake can 
provide the best quantitative estimation of the dose of ETS exposure or not. 
The composition of the sidestream smoke differs widely from that of 
mainstream smoke. The inhalation patterns in passive and active smoking are 
not comparable. The concentration of ambient nicotine decreases somewhat 
rapidly compared to that of other constituents of tobacco smoke, especially in a 
dosed room without any ventilation. Consequently, in future it will be neces¬ 
sary to study quantitatively the relationship between nicotine, a vapor and par¬ 
ticulate phase components of interest in ETS and biological markers such as 
cotinine to utilize nicotine fully as a quantitative marker of ETS exposure. 
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A Thermal Desorption Method for the Determination of Nicotine In Indoor 
Environments 
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m Nicotine, the major, unique component of the gas phase 
of environmental tobacco smoke (ETS), k »s be en employed 
at a marker for estimating exposure to ETS. A parsons) 
monitoring system for the determination of exposure to 
nicotine has been developed. The eyetem consist* of a 
aamplinf cartridge packed with 200 mg of Tenax GC and 
a email, coni tent-flow, personal sampling pump. After 
sampling, the cartridge* are analysed by triethylamine- 
aaaisted thermal desorption gas chromatography with 
nitrogen-selective detection. Collection and desorption 
efficiencies for the cartridge* have been determined. The 
system has been evaluated in control!ed-etmoephere 
chambers, and applied in a variety of work sites; and in 
86 resUuients, ,where measured concentrations of nicotine 
ranged from 0.5 to 37.2 #ig/m 1 . 


Introduction 

One at the major public health concerns of the 1980a has 
been indoor air pollution and i ts effe cts on the individual 
Environmental tobacco smoke (ETS), which is the diluted 
and aged mixture of sidestream smoke emanating from the 
smoldering cigarette and mainstream amoke exhaled by 
the smoker^ represents e potentially significant contribu¬ 
tion to this pollution. Concentrations of ETS respirable 
suspended particulates (BSP) have been reported to range 
from 0 to 700 Mg/tn? in indoor environments (I). A num ber 
of procedures have been applied for estimating ETS con¬ 
centrations based on the measurements of concentrations 
of particular ETS constituents, such as CO (2-5), oxides 
of nitrogen (NO,) (3-5), and particulate matter (4-9). 
However, these constituents of tobacco smoke are alto the 
products of other combustion processes, an aspect that 
limits their utility as markers for estimating ETS levels, 
especially in complex atmospheres such as those existing 
in indoor environments. Estimates of personal exposure 
to ETS have been made by measuring carboxybemoglobin 
(COHb) (10, 22), urinary bydroxyproline (HOP) (12), and 
nicotine and cotinine (a metabolite of nicotine) in the 
blood, urine, and aaliva (20, 22, 25). 

Several methods have been developed for determjjping 
nicotine concentrations at fixed sampling locations in in¬ 
dustrial settings. The NIOSH method for nicotine utilises 
a resin-filled cartridge (XAD-2) with s personal sampling 
pump for collection of samples followed by solvent ex¬ 
traction and analysis by gas chromatography (24). How¬ 
ever, this method's 300 fig/m* limit-of-detection (LOD) 
makes it unsuitable for measuring ETS because associated 
concentrations of nicotine are well below this LOD. An¬ 
other indiistria) method, also limited by its relatively high 
LOD (40 jig/m*), collects nicotine in a series of water-filled 
bubblers (25). 

Williams et al. (25) have reported a method using a cold 
Patri dish as the means for collecting nicotine. Although 
the reported nicotine concentration range associated with 
the method was low enough to be applicable for measuring 
ETS, the method had several deficiencies that would se¬ 
verely limit its value (27). Other methods reported in the 
literature detail the use of untreated glass fiber filters (4) 


or diffusion danudar tubas (28) for collection of ambient 
nicotine. 

The development and tasting of a number of personal 
monitoring systems that measure individual exposures to 
ETS as determined by ambient nicotine concentrations 
have been reported recently in the literature. Solvent 
deeorption baaed systems include personal sampling 
pumps coupled srith commercially available XAD-4 car¬ 
tridges (19-21J and NaHSOrtwated, Teflon-coated glass 
fiber filters (22), and a passive sampling system utilizing 
the treated filters (23)i The limitation of using solvent 
extraction of samples is that only a small fraction of the 
analyte is actually analysed. This n ec ess ari ly raises the 
theoretical LOD for such methods relative to those such 
as thermal desorption that use all of the acquired sample: 
Two thermal desorption baaed personal monitoring sys¬ 
tems for nicotine have been reported, one by Proctor (24) 
that employs an unspecified adsorbent and analysis system 
and another by Muramatsu et aL (25,25) that utilises an. 
ammonia purge of the sample cartridge during desorption 
into a gas chromatograph (GG). In initial laboratory 
•valuation studies, we found the experimental arrangement 
used by Muramatsu to be cumbersome and me ch a nic a ll y 
complex. In addition, we found that repeated exposures 
of the analytical col umn to the ammonia gas caused rapid 
deterioration of the column. Furthermore, the collection 
cartridge utilizes a packing, the support for which is a very 
unique distomaceous earth, that is difficult to obtain in 
the United States. 

Thu paper discusses the develbpment, evaluation in 
contrcdled ETIiS atmospheres in chambers and offices, and 
field validation of a thermal desorption based personal 
monitoring system for nicotine using Tenax-GC as the 
adsorption material. Tfenai is a poly(p-2,6-diphenyl- 
phenylene oxide) which is porous and stable up to 400 # C 
(27). It has a high affinity for semivolatile organic com¬ 
pounds and can be used repeatedly. It has been used for 
a number of indoor air characterization studies (28,29), 
and its performance characteristics are relatively well 
understood. The nitrogen-seketive detector used in the 
analysis procedure affords improved sensitivity and se¬ 
lectivity over a conventional flame ionization system when 
assaying complex atmospheres and has been employed 
similarly by several investigators (29, 20): The experi¬ 
mental arrangement used for the field sampling is similar 
to that employed by other investigators The analytical 
system lacks the mechanical complexities of the syitem 
developed by Muramatsu. 

Method* and Mat trial 

Personal Monitoring Systems. Air-sampling car¬ 
tridges were 16-an sections of l /<4n-o.d. borosilicate glass 
tubing which were treated srith NH 4 OH (immersion in 
157c NH 4 OH overnight, followed by air drying) and then 
fire polished on both ends and packed srith approximately 
200 mg of Tenax GC, 35-60 mesh, acquired from Alltech 
Associates (Deerfield, IL): Before use, the packed car^ 
tridges were conditioned at 250 *G by attaching them to 
a manifold in the even of a gas chromatograph and passing; 
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1. Schematic Oegram of analytical system. 

a stream of N 2 flowing at 40 mL/min through tach car¬ 
tridge for at hast 2 h. After the cartridges had been ooolad 
with continued N, flow, both ends were sealed with Yi-fm 
plastic caps obtained from Alltech Associates. The car¬ 
tridges could be reused by first washing them with 2-3 mL 
of methanol and thermally reconditioning them according 
to the procedure given above. 

Alpha-2 personal sampling pumps, available from Du 
Pbnt (Kennett Square, PA), were used for sample collec¬ 
tion in most experiments (Du Pont P-4000 pumps were 
used! in a few initial chamber experiments) and were 
chosen for their light weight (410 g) and low noise level 
during operation. This latter feature was especially im¬ 
portant for unobtrusive performance. For experiments 
performed in the chamber and work areas, in which oc¬ 
cupants were aware of the sampling being conducted, 
pumps were connected to Tenax cartridges with a section 
of flexible tubing, and air from the ares sampled was drawn 
through the cartridge. For sampling conducted in res¬ 
taurants, ini which the occupants were unaware of the 
sample collection^ the pumps were worn on belt dips under 
jackets. A section of Tygon tubing was used to connect 
the pump to the Tenax cartridge, the latter being clipped 
to the inside lapel of the jacket so that the inlet end of the 
cartridge was within 25 cm of the mouth and nose of the 
individual conducting the sampling. All samples were 
collected for at least 1 h with the pump operating at a flow 
rate of 170 mL/min: Flow rates were checked with a 
bubble meter before and after sample acquisition. Im¬ 
mediately after completion of sampling, Swagelok Vr*»- 
stainless steel end caps fitted with Teflon ferrules were 
placed on each end of the cartridge and tightened; and the 
cartridge was refrigerated at 3 *C until analysis. 

Analytical Method. Nicotine containing solution 
standards were prepared by diluting redistilled nicotine 
(98%) obtained from Eastman Kodak (Rochester, NY) in 
ethyl acetate that contained 0.01% triethylkmine (TEA). 
Internal itandkrds employing quinoline were prepared by 
diluting quinoline in e solution of ethyl acetate/5% TEA. 
Fresh nicotine and quinoline standards were prepared 
every 15 days. 

Analyiet were performed with a Varian Model 3700 gas 
chromatograph equipped with a nitrogen/phosphorus 
detector (GC/NPD) and a 2 m x 2 mm i.d. glass column 
packed with 10% Carbowax 20M/2% KOH on 80-100 
mesh Chromosorb W-AW (obtained from Alltecb Asso¬ 
ciates). Flow rates were He (carrier gas) 40 mL/min, H a 
4.5 mL/min, and air 175 mL/min. Temperature settings 
were injector and detector 250 *C and column oven initial 
temperature 70 *C for 8 mb, programmed at a rate of 46 
•C/oin to 175 # C for 4 mb. At these settings, nicotbe 
•lutes at 13 4 min and quinolbe at 14.0 min. 


In Figure 1 is portrayed a schematic diagram of the 
analytical experimental configuration. The system is de¬ 
signed to be mechanically simple and to mbimizr the 
opportunity for the nicotine vaporised from the Tenax trap 
to contact any materials prior to entering the analytical 
column. The carrier gas is directed!through s toggle valve 
so thst it can be bterrupted when the Tenax cartridges 
are being changed. (When the system is not b use, a dean 
glass tube replaces the cartridge.) The analysis is per¬ 
formed by loosening the fittings at both ends of the de¬ 
sorption oven,inserting the cartridge, tightening the ~ 
tings, and resuming the carrier gas flow. Although 
desorption oven remains at operating temperature du; . 
this operation, the elapsed time for connecting the car¬ 
tridge is less than 5 s. The desorption begins when the 
carrier gas is turned on. 

Because the manner in which the analyteis btroduced 
bto the gu chromatograph affects the peak shape and 
ultimately the apparent quantitity of aniriyte present b 
the aliquot, it was criticd that the analyte b the calibration 
standards be btroduced b e manneridentical with that 
of those b the samples. To accomplish this, clean Te- 
nax-fiUed cartridges were spiked with small aliquots of 
nicotbe standard solutions (on the downstream end to 
simulate sample loading) by using a conventional 10 -mL 
syringe. The volume of the aliquots ranged from 1.8 to 
6 mL* depending on the desired amount of standard. Next 
the cartridges were spiked with 5 uL of the ethyl seen* 
solution contabing the qubolbe btemal sUndarr 
the TEA desorption modifier on the upstream end 
to facilitate desorption of the entire cartridge. In order 
to maintain direct comp>arability, this was the same 
qubolbe/TEA solution that eras added to the ETS sam¬ 
ples. In the bitial developmental work for the method, 
multipobt calibrations with nicotine standard* were 
performed daily. For the field sampling, a calibration curve 
was generated from the desorption of nine sets of duplicate 
Tenax traps loaded with amounts of nicotine ranging from 
1.5 to 700 ng and with 250 ng of quinoline btemal 
standard prior to any sample analysis. The first set of 
standards was run b one random order and the second set 
of standards wo run b a different random order. Daily 
standard* of 3,100, and 700 ng of nicotbe were analysed 
during sample analysis to ensure analytical control. Field 
blank cartridges were analysed periodically. 

Because the response of the nitrogen/phoephorus de¬ 
tector tended to be nonlbear et higher trap loadings (»• 
1000 ng), data from the analyses were fitted tea second- 
order polynomial regression. In practice, there was nc 
difference between first- and second-order regressions ' 
the 0-700-ng concentration range. For example, the first 
and second-order correlation coeffirienta (R 7 ) for one 
calibration run were both 0.995, and for another, both were 
0.097. 

Response factors (RF) for all standards were calculated 
with the formula 

area counts nicotine V 
area counts quinolbe ) 

( concentration of quinoline 
concentration of nicotbe 

Averages and standard deviations computed from the RF 
data were used to assess control of the method b day-to- 
day ope:stion. If results for daily control standards were 
more than two standard deviations from the average for 
the calibration, the method was judged to be out of control, 
thus requiring recalibration. Control was observed 
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thr oughout the analysis of tb« samples from the public 
areas. 

Test Atmospheres. The initial experimental atmo¬ 
spheres for the development of the Tenax method were 
generated in two stainless steel chambers with volumes of 
0.4 and 1.4 m s (obtained from Young and Bertke Co. 
Cincinnati, OH). Sidestream smoke from a 2R1 Kentucky 
Reference cigarette (procured from the University of 
Kentucky Tobacco and Health Research Institute, Lex¬ 
ington, KY), smoldering in a laminar flow smoke genera¬ 
tion (30), was pulled into the smaller chamber at a rate 
of: 30 L/min and diluted with an air flow of 250-1000 
L/min* the exact rate depending on the concentration of 
ETS needed. Concentrations for this chamber ranged from 
700 to 3500 Mg/ni* particulate matter (PM) and fr om 100 
to 800 ng/m* nicotine. Low concentration* of ETS, 60-300 
pg/m* PM and 10-70 ag/m* nicotine, were generated by 
diluting a portion of the atmosphere from the small 
chamber into that of the Urge chamber. Concentrations 
of particulate matter in the chambers were monitored with 
a TSI-5000 piezoelectric balance (acquired from TSI, St 
Paul; MN) and an RAS-1 light-scattering sensor (pur¬ 
chased from GCA Instruments, Bedford, MA), which was 
modified in our Uboratory to enhance ha sensitivity. The 
nicotine and PM concentrations utilised for these exper¬ 
iments are much higher than what would be typically 
observed in real life situations and were used only to de¬ 
termine the potential utility and the upper analytical limit* 
of the method. After development experiment* involving 
the chamber were concluded, ot her ex periments were 
conducted in an unoccupied office. ETS was produced by 
generating sidestream smoke from 1R4F Kentucky Ref¬ 
erence cigarettes smoked (one 35-mL puff/min) on an 
ADL-I1 machine obtained from Arthur D. Little Co., 
Cambridge; MA). Mainstream smoke was collected in 
sealed Tedlkr bags (acquired from SKC Inc., Eightiy Four, 
PA), and ETS concentrations were varied by adjusting the 
smoking rate from 1 min of smoking (2-s puff, 58-s 
smolder) per min of elapsed time up to continuous ciga- 
rette smoking. PM levels were monitored with a TSL5000 
piezoelectric balance. 

Additional laboratory evaluations of the method's per¬ 
formance were conducted in an 16-m* environmental 
chamber (31) used for ETS studies and located at the R. 
J. Reynolds Tobacco Company's facilities in Winston-Sa- 
Jem, NC. PM concentrations in that chamber were mon¬ 
itored with a TSI-5000 piezoelectric balance. Initial field 
evaluations were conduced in work areas, offices, common 
areas, and dining areas at Oak Ridge National Laboratory. 

Sampling Site Selection. Field sampling was con¬ 
ducted in establishments that were both listed under the 
"Restaurant* heading in the Yellow Page* of the Knoxville, 
TN, telephone directory and located in the Knoxville, TN, 
Standard Metropolitan Statistical Area (SMSA) (Knox, 
Blount, and Anderson counties). Restaurant selection was 
conducted by assigning each restaurant a number and then 
choosing 43 out of the 419 restaurants with a random 
number generator. Three of these restaurants were elim¬ 
inated because they had gone out of business; three be¬ 
cause they were cany out only, and one because the per¬ 
sonal safety of the sampling team was called into question. 
The remaining 36 were sampled, end for esch sample, 
information was recorded regarding the number of 
smokers, the number of cigarettes, cigars; and pipes ob¬ 
served, to have been smoked, the distance to the dOeest 
observed smoker, the type of meal served (lunch or dinner), 
crowd density, and restaurant volume. All of the infor¬ 
mation was recorded on a sampling data sheet during the 


Table 1; Nicotine aad PsrticoUu Matter (PM) 
CeeeeetretieBi Measured is 0.4- aadl.4-w* StaialsM Steel 
Chambers' 


nicotine. 

sg /® 1 

34 

42 

43 


Mas*] SD* 40J 4 4.6 
382 
363 
802 
391 
338 
324 
371 

mu*1 SD* 387 * 38 


PM; nicotine/PM 

iig/m* ratio 


80 

0.425 

83 

0.606 

79 

0.644 

74 

0.595 

79.0 ± 3.7 

0.518 a 0.072 

757 

0.373 

867 

0.394 

684 

0.442 

659 

0.442 

708 

0X36 

664 

0.328 

643 

0.421 


696 ± 36 0J91 6 0.047 

•Air changes par hour (ACK) ranfad Crocs 21 to 150 *SD. 
standard deviation. _ 


time of sampling. A uiuqite sample number was aaaigned 
to each cartridge immediately following aampling. No 
attempt m made to amaas air exchange within the facility, 
aa this would have compromised the unobtrusive nature 
of the sampling. Also, no determination of the number 
of smokers smoking at any one time or smoker turnover 
was made. In addition to the samples acquired in res¬ 
taurants, two samples were acquired on a Saturday af¬ 
ternoon at aach of three food courts in shopping malls. 

Ruulti and DiscuMtion 

Results of initial experiments with Tenax cartridges, in 
which the responses to standard quantities of nicotine 
spiked on to the cartridges and subsequently desorbed 
were compared with those of the same sised aliquot di* 
redly injected on to the head of the GC column, showed 
evidence of incomplete desorption of nicotine, with up to 
10% of the nicotine remaining on the cartridge. In order 
to enhance nicotine desorption, an interna] standard so¬ 
lution was prepared that included 5% TEA; It has been 
found that addition of a strongly basic material such as 
TEA (J9) or NH € OH (32) to nicotine standards prevents 
adsorption, by the glass of the container, of nicotine from 
solution. The base probably functions by displacing nic¬ 
otine or other weaker bases from the adsorptive sites. 
Internal standard spikes thus contained about 200 Mg of 
TEA, which, as a stronger base, displaced nicotine from 
acidic sites within the sampling cartridge or analysis train. 

Experiments conducted in the 0.4- and 1.4^m s chambers 
were performed to determine the functional capabilities 
of the method and the nicotine collection efficiency. Table 
1 gives the results from sampling of both dilute and con¬ 
centrated simulated ETS environments in the large and 
small chambers, respectively. The ratios of nicotine to 
paniculate matter in these experiments ere substantially 
higher than what has been reported in typical indoor en¬ 
vironments (33). This discrepancy was judged of little 
consequence since investigation of nicotin e level s was the 
sole focus of the study. However, the cottVmvncy of the 
ratios is about ±15% or less, which was judged to be in¬ 
dicative of both a constant atmosphere in the chamber and 
consistent nicotine and particulate mass concentration 
determinations. 

Experiments to determine sample volumes at which 
nicotine breakthrough became significant were conducted 
by placing two Tenax cartridges in series and sampling 
from simulated ETS environments in the chambers. Re- 
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Table II: Concentrationi of Nicotine and Particulate 
Matter (PM) Measured ia aa Unoccupied Office 


trim] 

PMi 

nicotine, 

trial 

PM. 

nicotine. 

no 

n«/m s 

MS/m* 

no 

MS/m* 


1 

14.6 

1.8 

6 

59 6 

8.2 


23.2 

1.9 

7 

113:0 

21.7 

3 

28.2 

24 

8 

115,4 

27.3 

4 

15.2 

37 

9 

257.0 

48.3 

5 

58.6 

4.8 

10 

248,6 

490 


Table IIIl Results from Determination of Nicotine by the 
Teaaz Method la a Minimal Air Exchange Coat rolled 
Atmoepbere Chamber 


run 

PM, 

nicotine.* 

run 

PM. 

nicotine* 

DO. 

MS/m 1 

MS/ta* 

no. 

Mf/tt 1 

Mf/n* 

1 

55: 

2.5 

4 

62 

4.1 

2 

14 

1,8 

5 

16 

2.1 

3 

103 

6.0 

6 

128 

65 

•N'm 

3 determinations. 





suits indicated not more than 1% breakthrough for sample 
volumes ranging from 20 to 45 L and nicotine concentra¬ 
tions ranging from 70 to 250 Mg/m 3 . At lower sample 
volumes, breakthrough percentages are ezpected to be 
correspondingly lower. 

In Table II are listed the results from sampling of ETS 
in the unoccupied office. This range of nicotine and PM 
levels more closely approximated that which would be 
expected from sampling in public places. Proportionality 
between nicotine and particulate levels was particularly 
good in this experiment, with the correlation coefficient 
of 0.976 for a first-order regression analysis of these two 
parameters: 

The limits of detection and quantitation were deter¬ 
mined according to published guidelines (34). These are 
comparable to 3 and 10 timet the standard deviation above 
the mean value of a series of field blanks, respectively. 
Signal response of the blanks (in microvolt seconds) was 
related to a series of calibration standards run within the 
lower quantitation region. According to these criteria, 
under die sampling conditions described above, the limit 
of detection was equivalent to 0.07 Mg/m 1 nicotine, and the 
limit of quantiution was 0.17 Mg/m 3 . This calculated level 
is in good agreement with experiences with sampling actual 
low-concentration ETS atmospheres in an office environ¬ 
ment These experiments indicated that within the range 
of 0.2~0.3 Mg/m 3 , variation among multiple samples ac¬ 
quired near the tame point in space became unacceptably 
large, Presumably, the effective limit of detection could 
be lowered by simply increasing the sampling duration: 

In Table III are listed the results from sampling con¬ 
ducted in an 18-m 3 chamber at R. J. Reynolds The 
purpose of these experiments was to determine the per¬ 
formance of the method in a chamber whose atmosphere 
had been well characterised in a number of studies (79, 
31) t especially at low nicotine concentrations, and to com¬ 
pare nicotine with ETS PM levels in a controlled envi¬ 
ronment that had been contaminated with ETS only. The 
nicotine levels sampled for this experiment are near the 
mean of the level determined in the field study (see below) 
but represent only s friction of the range expected to be 
encountered during field sampling in general For this and 
all the experiments where PM concentration data were 
available, mean ratios of nicotine to PM were calculated. 
The ratios obtained from experiments involving the 1.4- 
and 0.4-m 3 chambers were 0.52 A 0.07 and 0.39 A 0.05, 
respectively. The ratio for experiments performed in the 


Table IV. Nicotine Concentrations Measured at Selected 

Locations wit kin Oak Ridge Nation] Laboratory 



ambient nicotine 


ambient nicotine 

location 

level, 

location 

hvet nf/ta 1 

offices 

4.2* 0.1* 

common arte 

30.0 * 0.9 


4,0 * 3.5" 


60.3 * 2.1 


45*05" 


531 * 25" 


€.7*0.9 


23 2 * 2 9 


0.7* 1.0 


39 7 * 01 


1.1 * 15 


12 6 * 


0.6 * 0.8 

work ana 

35 * 


05 * 0 6 


2,:> 


0.6 * 0.9 


1.0 . 


0.3 * 0 4 

common area 

0:9 a . . 

dinins ares 

4.4 * 05 


1.7 * 05 


2.3* 


05* 1.1 

work area 

2.0*05 




*N '■ X determination* *N ■ L All others, N • 2 determina¬ 
tion*. 
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figure 2. D*trt>utton of ntooths lev** for work sftas «t ORfC Note 
te^Noodne oonoenvattons toed are tw mmfrixms for tw Mvtdusi 

unoccupied office was 0.16 A 0.06, and for experiments 
conducted ! in the 18-m* chamber, 0.08 A 0.04. The con¬ 
siderable differences amo ng the ratios are expected in view 
of the differences in ETS levels, air handing methods, and 
air exchange rates and the theory that as ETS ages, nic¬ 
otine tends to be adsorbed by the various surfaces present 
(76,26). For the two smaller chambers, air exchange rates 
ranged from 21 to 150 ACH, allowing little opportunity for 
nicotine adsorption by the chamber wiUa The office, with 
an air exchange of 5.4 ACH and oonrecirculated ventila¬ 
tion, exhibited lower nicotine/PM ratios, and the 18-m 3 
chamber, with an air exchange rate of 0.05 ACH (35) 
complete redrculktioc in a sUtic system, showed the 1c 
levels of nicotine relative to the particulate levels. Tlu . 
data appear to support the above-mentioned I theory. 

listed in Table TV are the results from samples collected 
at Oak Ridge National Laboratory facilities: The arith¬ 
metic mean and standard deviation of nicotine concen¬ 
trations for all sample sites is 10.5 A 17.2 Mg/m 3 . However, 
the relatively high concentrations measured in the first 
common area (36.5 A 18,1 Mg/m 3 ) influence the average 
disproportionately. As can be seen in Figure 2. the dkta 
appear to be distributed in a log normal pattern; thus, the 
geometric mesn of 3.2 Mg/m? (with 95% confidence 
boundaries of 1L8 and 6.0 Mg/m 3 ) may be more appropria * 
for this data set For the lower nicotine level environmer. 
there is considerable variation (A100%) within duplicate 
samples taken near the same point in space. For the en¬ 
vironment containing higher nicotine levels, the coefficient 
of variation within duplicate samples was usually about 
*10%;. 
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RctulU from the field determination* of nicotine con¬ 
centration! in restaurant* art shown in Table V. Nicotine 
concentrations found 1 in the restaurant! ranged from 0.5 
to 37 J2 Mg/m 3 with an arithmetic mean of 5.4 ± 6.4 Mg/® 3 
As initbe treatment of the data from the in-house sam¬ 
pling, a plot of the distribution of the concentration data 
indicates that it fits a log normal, rather than Gaussian, 
pattern (Figure 3). The geometric mean of 3.5 Mg/m 3 , with 
95% confidence boundaries on the median of distribution 
of 2.5 and 4.8 Mg/m 3 , is somewhat lower than the arith¬ 
metic mean but is still comparable to data results cited 
by the researchers listed below, 

Muramatsu et aL (25) reported a range of 7.1-27.8 Mg/m 5 
nicotine with an average of 14:8 Mg/m 5 for eight samples 
taken in five restaurants. Hinds and First (36) have re¬ 
ported an average of 5.2 Mg/m 1 nicotine for four samples 
from restaurants. Oldaker et al. (27) reported a range of 
0-24 Mg/m 3 nicotine with an average of 5 Mg/tn 5 for 170 
samples acquired in restaurants. For air samples taken 
in offices, Hammond et al. (22) have reported 3-48 Mg/m 5 
nicotine; while Muramsuu et al. (25) have reported 9-32 
and 6-20 Mg/m 3 nicotine (26). For 156 office samples, 
Oldaker et al. (27) reported an average of 5 Mg/m 5 nicotine 
with a range of 0-70 Mg/m 5 . Nicotine concentrations in 
public common areas such as lobbies and waiting rooms 
were reported to be 2-36 Mg/m* by Muramatsu et al. (25) 
and 1-3 Mg/m 3 by Hinds and First (36). For samples taken 
in the smoking sections of airplanes, Muramatsu et al (26) 
have reported 14 and 6-29 Mg/m 3 with an average of 15 
Mg/m 3 (25). Oldaker and Conrad (20) have reported 0-112 
Mg/m 5 nicotine; with an average of 9 Mg/nr in airplane 
smoking sections, and (M0 Mg/m 3 nicotine, with an average 
of 6 Mg/m 3 in nonsmoking sections. 

Major factors likely to affect nicotine concentrations in 
a public location include the number of cigarettes smoked 
and the time required for smoking, the volume of the room, 
the proximity of smokers to the sample location, and the 
air exchange rate. Under the conditions of the field sam¬ 
pling validation for this study, not all of those parameters 
could be easily determined, nor were they necessary to 
assess the performance of the experimental persona) 
monitor in a realistic situation. However, to assets the 
impact of the easily determined factors, the relationship 
between those factors and ambient nicotine concentrations 
were determined. The Pearson's correlation coefficients 
(r) for first-order regressions of nicotine concentration to 
number of cigarettes, number of smokers, restaurant 
volume, and distance to the doaest smoker were computed 
to be 0.669, 0.783, 0.049, and -0.155, respectively. The 
significance levels (p) (an indicator of the probability of 
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Table VI. Nicotine Level* in Pood Court* 



smokers 

obsdl 

cigarettes. 

cigan or 

closest 

smoker. 

nicotine 

concn. 

sample 

no 

no. 

pipes, no. 

ft 

eg/m 5 

37 

6 

6 


15 

1.6 

38 

16 

16 


4 

1L6 

39 

8 

11 


4 

2.1 

40 

7 

7 

1 

7 

2.5 

42 

17 

19 


15 

3.0 

41" 

-~34 

34 


6 

3.1 


correlation between the nicotine concentration and the 
above-mentioned factors) for the repressions are 0.0001, 
0.0001,0.776^ and 0.396^ respectively. A relationship is thus 
indicated between nicotine concentration and both the 
number of cigarettes and number of smokers. If sample 
36 is eliminated from the regression analysis for nearest 
•moker, then p • 0.03, indicating a correlation between 
nicotine concentration and this parameter. Attempts to 
increase the degree of correlation by normalizing for var¬ 
ious combinations of these factors were unsuccessful. No 
data were acquired regarding other factors that could have 
some impact on the nicotine concentration, such as the 
history of the number of cigarettes smoked prior to sanv 
pling, and the direction of air flow in the restaurants. 

In Table VI are listed the data from samples acquired 
in the food courts of the shopping malls. The range of 
nicotine concentrations from the mall food court samples 
was 1.6-3.1 Mg/m 3 with an arithmetic mean and standard 
deviation of 2.3 ± 0.7 ^g/tn 3 . Although use of the geo¬ 
metric mean could not be justified for such a small sample 
set, it was calculated for comparison purposes and is the 
same as the arithmetic value. The average nicotine con* 
centration for these samples is lower than that from the 
restaurant data (notwithstanding the large number of 
cigarettes observed to have been smoked) and is probably 
atthbutabe to the much greater volumes of the food courta, 
which begin to approximate openrair restaurants. 

Conclusions 

A procedure and experimental arrangement for the de¬ 
termination of personal exposure to concentrations of 
nicotine in indbor environments has been developed that 
has a low detection limit and is unobtrusive in its use. 
Developmental studies have again pointed to the need for 
the use of a basic compound for sample modification or 
desorption enhancement when trace quantities of nicotine 
are being processed or analyzed. The Tenax method has 
been applied to the determination of nicotine concentra¬ 
tions in a number of restaurant*; results are comparable 
to those obtained by other researchers utilizing different 
methods for sampling in restaurants and other public 
places. 
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• Microbial dissolution of toxic metals from two types of 
coal-deaning wastes, one high in pyrite and trace metals 
and low in organic carbon (fines fraction) and a second 
lower in trace metals and higher in organic carbon (filter 
cake), was studied: Under aerobic conditions, native au¬ 
totrophic bacteria solubilized varying amounts of As, C i t 
Cu, Mn, Ni, Pb, and Zn from the filter cake and fines 
fraction. Dissolution of the above metals was increased 
by severalfold when the inorganic nutrients N and P were 
supplemented. Under anaerobic conditions, concentrations 
of Fe. Cr, end Mn increased due to native anaerobic 
bacterial activity from filter cake amended with carbon and 
nitrogen. Concentrations of soluble Ni and Zn in filter cake 
decreased, probably due to sulfate reduction and formation 
of insoluble metal sulfides. Selective chemical extractions 
of coal wastes indicate that most trace metals were asso¬ 
ciated with pyrite; ferric oxides; and a soluble phase, 
possibly ferric sulfate. The predominant mechanism of 
dissolution of metals from coal wastes under aerobic con¬ 
ditions is due to bacteria] oxidation of pyrite; under 
anaerobic conditions it is due to bacterial reduction of iron 
and manganese oxides and the release of trace metals 
coprecipitated with the oxides. 


Introduction 

Over 3 billion tons of coal-cleaning residues have accu¬ 
mulated in the United States and the current levels of 
production exceed! 100 million tons per year. Nearly 
one-third of the mined coal is discarded after physical 
dtaning. This refuse varies in size and generally contains 
waste coal, slate, carbonaceous and pyritk shake, day, end 
other impurities associated with a coal seam (j). Currently, 
moat coal-preparation plants dewater the fine refuse and 
dispose of it, along with coarse refuse, in landfill* or dis¬ 
posal ponds. The types of conUminanu released from the 
disposal areas ihdtide organic compounds, metal ions, and 
acidity primarily due to chemical and microbiological ac¬ 
tion. 

Bacteria] oxidation of pyrite and metal sulfide minerals 
by ThiobaciUus ferrooxidans and 7*hiobacillus thiooxidans 
has been extensively studied (2, 3). Although a variety of 
other types of microorganisms have been found in coal 
waste (4-7), there is limited information on their effects 
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on dissolution of metals. In addition to autotrophic mi¬ 
crobial activity, an increase in keterotrophic microbial 
activity due to biodegradation of organic compounds in 
the residue (6) also can have an appreciable effect on the 
dissolution, mobilization, and immobilization of toxic 
metals from the residues. However, the extent and 
mechanisms of metal dissolution from coal refuse under 
the oxidizing and reducing conditions commonly encoun¬ 
tered in the field (9) are incompletely understood: 

In this study, two samples of coal-cleaning residue, one 
high in trace metals and relatively low in organic carbon 
(fines fraction) and the second low in trace metals and 
relatively high in organic carbon (filter cake) were used to 
investigate the extent and mechanism of microbial disso¬ 
lution of toxic metals by the native microflora in the 
residue under aerobic and anaerobic conditions. 

Maferiois and Methods 

Source of Samples. Coal-cleaning residues (fines 
fraction and filter cake) were collected from active circuits 
of the coal-washing plant of the Bradford Coal Co., Bigler, 
Clearfield County, Pa, in July 1983. This plhnt processes 
a mixture of bituminous coals from central and north¬ 
western Pennsylvania The samples were collected in dean 
5-gal polyethylene containers, sealed, and shipped to the 
laboratory in a cooler with ice. Upon receipt at the labo¬ 
ratory, the samples were immediately analyzed for mi¬ 
crobiological and chemical characteristics. Unused por¬ 
tions of the samples were stored in air-tight containers in 
a refrigerator. 

Microbiological Analysis, The total number of bac¬ 
teria in the fines fraction and filter cake were enumerated 
by Acridine Orange direct counts (AODC) (JO, 11). Total 
viable aerobic and anaerobic bacteria as colony-forming 
units (CFU) were determined by using Tryptseree^eoy agar 
(Difco) and 50% diluted thiogjycolate medium (Difco), 
respectively U2). Sulfur- and iron-oxidizing bacteria were 
enumerated by the most probable number (MPN) tech¬ 
nique. Iron-oxidizing bacteria were determined by using 
9K medium (73). Sulfur-oxidizing bacteria were deter¬ 
mined! by using thiosulfate medium containing the fol¬ 
lowing: (NH 4 )tS0 4 ,1.3 g; K,HP0 4t 0.28 g; MgS0 4 «7H 2 0, 
0.25 g; CaCly2H 3 0,0.07 g; and 900 mL of distilled water, 
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PASSIVE AlSOEITlON OF NICOTINE IN AIRLINE 
FLIGHT ATTENDANTS 

ft «fc> £<hi»f. Tkm a cnvcm tk*i wnwnctm mv u>ffrj^4- 
vem health efftcti fm m frmirr to. wd*-art air rigeirtte smoke 
(March 27, I960, iwue). 1 Airline flight ettmoenu art regularly 
exposed to cabin air that is conuminated with ogamtt imokt Hr 
conducted a study to determine bow much carbon monoxide and 
aicount art absorbed by nonsmoking fright attendants during 
transoceanic commercial fli|hu 

Faruopanu were sought among nonsmoking flight attendanu on 
iKr San Fr*nciico-Tok>o-San Francisco mutt Before the d t par- 
tun of the light, blood samples were obtained from paniopanu, 
and they completed questionnaires and wen given containers for a 
arint collection during the return leg of the fright (Tokyo to San 
Francisco). Within one hour after their return * San Francisco, a 
arcond biood sample was obtained. 

Six nonsmoking women between 30 and 40 yean af agt parbei- 
^atedin the study . Only one participant bvtd with someone who 
smoked j AH were full-time flight attendanu who worked SB to 7) 
hours per month Fm of the six attendsnti served in smoking sec¬ 
tions on the Tokyo-*-San Frandsco leg of the fright. The blood 
car boxy Hemoglobin concentration (mean ±$.D) was 1.0$ 0.7 per 
cent before takeoff, and theft was no marked difference in the post- 
fright sample (0 ?$0.2 per cent) Blood nicotine concentrations, 
measured by gas chromatography increased in Ive of dx attend¬ 
ants, from a mean of l.610lag per milliliter (range,01 to27)to 
7 7=1.0 ag per milliliter (range, l.fr to 4.5; F<0.05 by Student*# 
paired w«si)j These concent rations are extremely low compared 
with ooncemraDons (15 to 45 ag per milliliin) found in typical 
cigarette smokers * Urinary excretion of nicotine during the caghi- 
Sour flight averaged 12 9$fr.5 j*g (rangy, §J in 21.7) and was low¬ 
est in the flight attendant who worked in the nonsmoking season. 
.On the basis of urinary excretion data and known pharmacokinetic 
* dau for nicotine 4 we mtimated that the flight attendants, on *e 
overage, were exposed la 0 17 to 025 mg af nicotine, and that the 
‘ fright attendant exposed to the largest amount of smoke fverived 
0.22 * 0 47 mg during the fright We conclude that there is passive 
absorption of nicotine from tobacco smoke by fright attendants dur¬ 
ing s transoceanic fright but that the quantity consumed (equivalent 
* one dgarctit) is relatively small compared with thai consumed by 
cigarette smokers; and the concentration* achieved art unlikely * 
have physiologic tftett. 

Domu Fouaar, M D. 

Kui L laouwtn, MO 
Ciusus t Btcau.MD. 

Saa Francisco General Hospital 
San Francisco, CA 94)10 MedtcaJ Gonwr 
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COST OF SMOKING 

ft jfc foir Increasingly, the public and physicians are con¬ 
cerned about smoking as the major prmatable cause of illness and 
death » our society la addition, ia this era of cos' consciousneu 
fo medicine It is imponant * recognise the economics of the aes- 
prtte-smoking habit Massachusetts bad a population of 5,737,03? 
according * the ItfrO census 1 The American Cancer hociety cal¬ 
culates that 25 per orni af the entire population omokrt — or 
1,454,259 Massachusetts oturns The Commonwealth of Maua 
chusetu imposes a 2!-cents-per-package tax on estsrettn. and m 
ItfrO collected 11.444,011,195 by means of this k>> / mdicaung that 
about 115,101.000 packages of cigsrm* were sold, or J .7 packages 
per smoker pet day. or 471 packages per year The Office of bate 
Health Manning estimated that in Mamchwsctu sn ItfrO soul 
medical costs directly related * smoking were 1*^31.90T.0OC* or 
fr 1,717 per capiu (Ghanotaku A unpublished dau) This was be¬ 
lieved * be a conservative frgurt, smer other estimates for ItfrO 
were as high as 11.500,329.000, or SM7| pet capiu 
Studies have indicated that almost 10 oer cent of a)J medical costs 
ore directly related * tobacco smoking > 

Luce and frehwtiuer* in 1976 estimated that the dirnimedical 
onts of smoking wen 7S per cent of all medical cosu but acknowl¬ 
edged that "our estimates art . . . understated ~ They noted a 
•smoking factor* of 20 per cent m alt neoplasms si thai lime, but 
taking into account the continued rapid escalation of lung cancer m 
both men and women, currently 70 per cent of all cancer deaths in 
the United States art related to smoking * which is but one example 
of the increase in medical costs related w tobacco 
Thus, non-smoking-related per capiu medical cosu in 1980are 
estimated ai frl,!fr2 (90 per cent * $7,531,907,000 - 5,777,03:). or 
1131 (10 per cent) less than the SUM) pet capiu figure for smoking- 
related medical cosu Annual medical cosu among smokers are 
SI,701 (11,112 o 11753,190,700 ♦ 1.4)4.259]), or 1525 per smoker 
per year atm Mast striking of all is the realisation that the add*- 
giorut 1525 in medical cosu prr year per smoker is the equivalent of 
frl. 10 per package of 20 agamies (1525 ♦ 471 psckkl. or over 5 
omu per ogsrone* 

There arts variety W suggestions on bow * shift thu enormous 
ftnanciat burden from the oonsmokrn * the tmokm who incur thu 
risk, and perhaps some innmatvvc approaches in taxation or insure 
ance should be considered Besides the Surgeon General’s warning 
about health risks printed on dgsreite packagft. it would Ibr inform¬ 
ative for the smokers * recognise that other proplr are ps%i«»| e\m 
more than tbe aost of the package of cigamtes * subsidise the 
oaeurqucoc* ri^ibcu habit 
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MOKX ON BIMANUAL DLXTLBIT5* IV 
BaSLBaLL FLAVLA5 

T$ Mr £Awr Although McLean and Ciumak, the authors of the 
ftmer analysing bimanual dcsttriry an major-league baseball playr 
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■ Nicotine was measured in passenger cabins of Boeing 
B727-200, B737-200, and B737-300 aircraft in or der to 
animate the levels of environmental tobacco smoke (ETS) 
and to assess the effectiveness of smoker segregation as 
a means of reducing nonsmokers* exposure to ETS. In¬ 
tegrated sampling was performed at seats in smoking and 
no-tmoking sections on flights averaging 55 min. Nicotine 
was collected on XAD-4 resin and analyzed by gas chro¬ 
matography with nitrogen-phosphorus detection. Results 
indicate that significant nicotine concentration gradients 
exist in cabins and that concentrations increase in mag¬ 
nitude from no-smoking sections to smoking sections. The 
mean nicotine concentration for samples acquired in no- 
smoking sections was 5.5 pg/m*; in smoking sections of 
aircraft the mean nicotine concentration was 9*2 *tg/ta 9 ! 
These concentrations correspond to estimated mean ex¬ 
posures of0:0041 and 0.0082 cigarette equivalent per flight, 
•respectively. - • —- 


Introduction 

In the U.S., commercial airlines are required during 
flights to segregate smokers in order to reduce the exposure 
of nonsmokers to environmental tobacco smoke (ETS); 
defined as the mixture of diitited and aged sidestream 
smoke and exhaled mainstream smoke. Since the imple¬ 
mentation of this requirement (J), its consequences for 
cabin i air quality have not been systematically studied! 
Although data relative to the levels of ETS in aircraft are 
contained in a report (2) issued jointly by the U.Si De¬ 
partment of Health, Education and Welfare (DHEW) and 
the U.S. Department of Transportation (DOT), they were 
obtained before segregation was required. 

The literature contains only one report dealing with the 
quantitation of ETS levels in passenger cabins. Mura- 
matau et al. (3) reported the results of seven samples of 
vapor-phase nicotine collected during Japanese domestic 
flights/ These researchers, however, provided no infor¬ 
mation on sampling locations. The choice of nicotine as 
an indicator of ETS reflecta the fact that this compound 
is uniquely specific for tobacco smoke. At the time these 
results were reported, the relation between vapor^phase 
nicotine and ETS had not been characterised. Eudy et 
al. (4) have since then shown that at least 95% of the 
nicotine associated with ETS exists in the vapor phase. 

For the study reported here, vapor-phase nicotine was 
sampled in passenger cabins of U*S; domestic aircraft in 
order togain additional information regarding ETS levels 
therein and to assess the effectiveness of smoker segre¬ 
gation as a i means of reducing the exposure to ETS by 
persons seated in no-smoking sections, Samples were 
collected unobtrusively with systems contained in ordinary 
briefcases in order not to disturb the behavior of passen¬ 
gers or to disrupt airline operations. 

Experimental Section 

Sampling System. Samples were acquired with sam¬ 
pling systems contained in briefcases that were carefully 
designed to be inconspicuous (Figure 1). Brass sample 


inlet and exhaust ports and the on-off twitch were located 
on the front of each briefcase and were positioned sym¬ 
metrically about the handle. Sample port* were fashioned 
from 0.25-in. ad. Swagelok port connectors. Tubing ex¬ 
tensions of port connectors were removed; and the re¬ 
sulting flat surfaces were polished! In addition, one of the 
port connectors was drilled out te a diameter of 0.25 in* 
to accommodate 6-mm o.d. XAD-4 sorbent tubes. 

Major components of the system for sampling nicotine 
included an XAD4 sorbent tube and a constant-flow 
sampling pump (both obtained from SKC, Inc*, Eighty 
Four, PA). Each XAD-4 sorbent tube was positioned 
through the fitting on the briefcase's front so that ap¬ 
proximately 3 mm of the tube's tip projected. Sorbent 
tube outlets were connected to sampling pumps with short 
lengths of rubber tubing. Sampling pumps were calibrated 
with a film flow meter, and flow rates were set at 1 L/min. 
Calibrations were confirmed with a mercury film flow 
meter. Flow rates were com puled at standard conditions: 
298 K (25 •© and 760 Tom Temperature and I preasure 
data for adjusting calibration results to standard conditions 
were obtained from a mercury-in-glass thermometer and 
a mercury-in-glass barometer, respectively. According to 
protocol, calibrations were checked at weekly intervals 
throughout the study. Results from sampling were judged 
acceptable if the calibrations remained with ±5%. 

Sampling Procedure* A written sampling protocol was 
prepared in conjunction with the study. Persons con¬ 
ducting the sampling were provided with this protocol and 
also were orally briefed at the start of the study. In ad¬ 
dition, persons conducting the sampling had security 
clearances that permitted them to pass through security 
stations without revealing the briefcases* contents. AD but 
14 of the samples were acquired by airline employees, who 
agreed to participate in the study gratis. The protocol 
directed that none of the persons conducting the sampling 
was to smoke during the times when samples were ac¬ 
quired. All sampling operations were performed during 
scheduled commercial flights that involved business un¬ 
related to the study. Persons conducting the sampling 
selected flights strictly on the basis of availability and 
made no effort to select among aircraft types. None of the 
aircraft that figured in the study had first-class com¬ 
partments; each aircraft had one smoking section and one 
no-smoking section. 

Sampling was performed during the times when cany-on 
items such as briefcases could be unobtrusively removed 
from beneath seats. These times correspond to the times 
when smoking is permitted in the passenger cabins. Owing 
to the airline company Yseating policy , m ea t s amples were 
obtained at boundary regions between smoking and no¬ 
smoking sections. Boundary regions included the last two 
rows in no-smoking sections adjacent to smoking sections. 

Positioning of briefcases during the sampling depended 
on whether unoccupied seats were available. According 
to protocol, if an empty seat existed next to the person 
conducting the sampling, the briefcase was placed in the 
empty seat and oriented vertically; otherwise, the briefcase 
was placed in a horizontal position on the sampler's lap 


M4 Eoylron.SgT.amg,, ^ps i :%/^w # fndustrydoc^me*t X s # u^ : !^u^ocs/hfin 1 ^tfcft?(T^ n Ch * mic * 1 SociMy 


2023380391 




with the sampling ports directed away from the body. 
When briefcases were oriented vertically, samples were 
acquired within approximately 15 cm of an adult passen¬ 
ger's breathing tone; when briefcases were oriented hori- 
sontally, this distance was approximately 45 cm. Airflow 
to sampling porta was unobstructed. In addition, the 
protocol specified that the air vents (gaspers) located in 
the passenger service unit above seats occupied by the 
briefcase samplers were to be closed during the sample 
acquisition. The protocol specified that samples be placed 
in a freezer within 24 h of acquisition. 

Barometric pressure was measured on four flights. For 
the first of these, a hand-held altimeter calibrated against 
a mercury-in-glaas barometer was employed. Response was 
approximated with a linear least-squares numerical method 
(R* *0.999). Use of the altimeter was determined to be 
overly conspicuous and burdensome, and consequently its 
use was discontinued. Additional pressure data were 
provided by a preaaure transducer (Omega Engineering, 
lnc. t Stamford, CT) installed in the briefcase. The 
transducer was calibrated with s mercuiy-in-glass barom¬ 
eter and interfaced with a 21X Micrologger (Campbell 
Scientific, Inc., Logan, UT). 

Analytical Procedure. Two methods were used to 
analyze nicotine, both representing enhancements of the 
method (5) developed by the National Institute of Occu¬ 
pational Safety and Health (NIOSH). From the beginning 
of the study to 14 January 1986 (corresponding to sample 
number 36), samples were analyzed with a Model 5880A 
gas chromatograph equipped with a nitrogen-phosphorus 
detector (NPD) and a Model 7672A automatic sampler 
(Hewlett-Packard, Avondale, PA). The column used was 
a 30-m DB-WAX fused silica capillary with a 0.32-mm Ld. 
Injections were performed in splitless mode. Column 
temperature was programmed from 60 to 210 *C at 12 
deg/min. Temperatures for the injector and detector were 
250 and 300 *C, respectively. Quantitation was accom¬ 
plished with the use of quinoline as an internal standard. 

The method employed for the remainder of the study 
entailed the use of s 30-m DBS megabore column with an 
internal diameter of 0.53 mm and a filto thickness of 1.5 
pm. Temperatures for the injector and detector were 250 
and 300 *0, respectively. Column temperature was pro¬ 
grammed from 150 to 175 *C at 5 deg/min. In addition, 
the ethyl acetate solvent was modified to contain 0.01% 
(v/v) triethylamine. 

Chromatographic systems were calibrated at a minimum 
of five concentration levels for each set of analyses: 


Reagent-grade nicotine for these standards was obtained 
from Eastman Kodak and was used as received. This 
reagent was stored in a freezer. Field samples were ana¬ 
lyzed once; calibration standards were analyzed in du¬ 
plicate before and after field samples. Results for cali¬ 
bration standards were used in conjunction with a linear 
least-squares program to compute nicotine levels of field 
samples and blanks. At least two sample blanks were 
analyzed with each set of field samples. Nicotine de¬ 
sorption efficiency from XAD-4 resin was determined 
according to the NIOSH procedure to be 0.92. 

Exposures were estimated by computing "cigarette 
equivalents" from nicotine concentration results and as¬ 
sociated sampling times. A breathing rate of 20 L/min (6), 
corresponding to light activity, was assumed for these 
calculations. Also assumed was a 1983 sales-weighted 
average cigarette delivering 0.93 mg of nicotine (7) as 
measured by the Federal Trade Commission (FTC) me¬ 
thod (8, 9). 

Results and Discussion 

Results of measurements performed in no-smoking and 
smoking sections of B727-200, B737-200, and B737-300 
aircraft are shown in Tables I and II, respectively. These 
Boeing aircraft types differ among themselves in terms of 
seating capacity, location of boundary between smoking 
and no-smoking sections, and operation and! design of 
besting, ventilating, and air conditioning (HVAC) systems. 
Ventilation systems of B727-200 and B737-20O aircraft are 
"once-through* systems; i.e., they are incapable of recir¬ 
culating air within the cabins. Ventilation i systems of 
B737-300 aircraft, on the other hand, recirculate approx¬ 
imately 40% of the air in the passenger cabins (10): Re¬ 
circulated eir is passed through a prefilter and then 
through a hospital-grade filter (95% efficient for 0.3-um 
particles) to remove paniculate matter. The population 
of aircraft studied may be considered representative in¬ 
asmuch as modern commercial aircraft utilize both ven¬ 
tilation conditions and the three Boeing aircraft types 
constitute approximately 50% of the UJ>. domestic, com¬ 
mercial aircraft fleet (11). 

Seat entries in the tables identify sampling locations. 
Numbers indicate seating rows, which are numbered from 
front to back of the aircraft Accompanying letters des¬ 
ignate positions in rows, which for all rows sampled con¬ 
tained six seats, three seats on each side of the aisle. For 
the aircraft studied, the location of the smoking boundary 
is variable, depending for each flight on aircraft type, flight 
demographics, and number of passengers requesting to sit 
in either of the sections. 

The tabulated number of passengers seated in the 
smoking sections provides an upper estimate of the num¬ 
ber of smokers on a particular flight and allows estimation 
of an upper limit for the number of ogarettes smoked. The 
number of cigarettes smoked during a (light was estimated 
by assuming a smoking rate of two cigarettes per hour per 
passenger seated in the smoking section. This rate is one 
of two contained in the joint DHEW/DOTTfport (2); the 
other measured rate is 0:9 cigarette per smoking passenger 
per hour. Halfpenny and Siarrett (12), providing the only 
other estimate, report 1.34 cigarettes per smoking pas¬ 
senger per hour. 

The number of passengers seated in the smoking section 
was quantified fw only a portion of the study. This aspect 
of the date acquisition process reflected the fact that the 
study was implemented in phases in onter to ensure the 
quality of results; thus, each successive phase of the study 
was implemented when data-reliability objectives were met 


Source: https://www.industrydocuments.ucsf.^ 
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Table I. Reeulu from Sample* Collected In No-Smokibg Section* of B717*100, B717-200, and B7I7-300 Aircraft 



aircraft 


bo. in 

BO. of cif 

aamplinf 

akotine 


■amp)* 

type 

■Mt 

amokinf wdk>n 

smoked <**td) 

time, min 

H 


•quiv 

65 

737-200 IF* 

15 

20 

41 

ND (0:02) 

ND (0.6) 

NA 

1 

727-200 

3D* 

20 

49 

73 

ND (002) 

ND (003)* 

NA 

40 

737-200 

16C 

20 

60 

46 

ND (0:02) 

ND (004) 

NA 

64 

737-300 

16E 

6 

6 

60 

ND (0.02) 

ND (04) 

NA 

66 

737-200 

19B 

65 

76 

66 

ND (0.02) 

ND (0.03) 

NA 

60 

727-200 

19B 

12 

26 

65 

0.04 

0.6 

0.0009 

63 

737-300 

2B* 

12 

17 

42 

0.09 

04 

00007 

41 

737-200 

12C 

60 

46 

45 

0.04 

04 

0.0008 

96 

737-900 1SD 

NA 

NA 

60 

0.10 

14 

10016 

62 

737-200 

ll£ 

NA 

NA 

•6 

044 

14 

10022 

69 

737-200 

•A* 

25 

63 

76 

0.17 

ll7 

10027 

46 

737-200 

16C 

1 

1 

41 

0.06 

14 

10016 

6 

727-200 

19F 

20 

49 

73 

114 

lit* 

00029 

9 

737-300 

4F* 

NA 

NA 

69 

0.10 

2.1 

10D1B 

2 

727-200 

19E 

20 

49 

73 

0.17 

24* 

10037 

72 

737-200 

NA 

25 

44 

63 

0.15 

24 

10027 

32 

727-200 

19C 

NA 

NA 

40 

0.11 

14 

0.0021 

75 

737-300 

6B* 

NA 

NA 

32 

0.11 

17 

10016 

7 

727-200 

22C 

NA 

NA 

132 

0.44 

17 

10077 

21 

737-200 

14D 

NA 

NA 

51 

047 

34 

00036 

44 

727-200 

20C 

14 

16 

34 

0.13 

3.4 

00025 

39 

737-300 

19C 

7 

13 

67 

048 

44 

00052 

77 

737-200 

12B* 

6 

7 

36 

0.21 

4.4 

00034 

31 

737-200 

15E 

NA 

NA 

30 

0.20 

6.4 

00041 

33 

737-200 

15D 

NA 

NA 

45 

043 

6.4 

00062 

17 

737-200 

15D 

NA 

NA 

42 _ 

049 

64 

00062 

20 

737-200 

15C 

NA 

NA 

75 

048 

74 

00117 

10 

737-300 

UD* 

NA 

NA 

69 

0.40 

11 

10068 

29 

737-200 

15D 

20 

30 

45 

0.47 

10.0 

10097 

13 

737-200 

11C* 

NA 

NA 

20 

047 

101 

0.0044 

19 

737-200 

15D 

NA 

NA 

20 

0.27 

10.1 

00014 

38 

737-200 

160 

7 

12 

50 

0.64 

114 

00120 

61 

737-300 

1SE 

20 

11 

17 

0.45 

11.7 

00043 

60 

737-200 

15A 

15 

66 

111 

6.76 

124 

0.0306 

71 

737-200 

16B 

6 

8 

41 

0.71 

144 

10126 

70 

727-200 

20E 

40 

68 

66 

146 

144 

00207 

30 

737-200 

1SB 

25 

29 

35 

0.53 

144 

00110 

64 

737-200 

16B 

6 

15 

65 

0.69 

164 

00162 

73 

737-200 

16C 

20 

48 

48 

0.95 

166 

00172 

68 

737-300 

HE 

10 

15 

45 

040 

117 

10162 

16 

737-300 

16A 

NA 

NA 

37 

1.03 

174 

10137 

63 

737-200 

15C 

6 

6 

45 

045 

17.9 

00173 

42 

737-200 

160 

16 

30 

66 

146 

194 

10235 

22 

737-200 

14D 

NA 

NA 

•50 

1.74 

214 

0.0231 

67 

737-200 

16C 

14 

18 

69 

146 

234 

0.0196 

61 

727-200 

20C 

64 

128 

71 

146 

244 

0.0369 

16 

737-200 

16D 

NA 

NA 

66 

US: 

2414 

10288 

74 

737-200 

16C 

15 

24 

47 

143 

317 

00330 

16 

737-200 

16D 

NA 

NA . 

16 

045 . 

404 

10112 


•Sample* collected outaide of boundary row*. *CoDeantratioa at actoal cooditioBa. * 


n 

1 


•ad maintained. The Dumber of active smokers on a 
particular flight, and thus the number of cigarettes 
amoked,sms not quantified because this would have dis¬ 
rupted airline operations. 

Nicotine results in each table are reported in the manner 
recommended by the American Chemical Society (75). For 
results below the limit of detection, ND signifies none 
detected, and the detection limit is shown in parentheses. 
For results below the limit of quantitation, the measured 
quantity is given, and the limit of quantitation is presented 
in parentheses. 

Included in Tables I and D ate the results of one ex¬ 
periment performed to assess the spatial variability of 
nicotine concentrations on a tingle flight Four concurrent 
measurements were performed during a 73-min flight One 
sample (sample 1) was acquired at seat 3D in the forward 
portion of the no-smoking section, two samples (samples 
2 and 3) were acquired at adjacent seats 19E and 19F in 
the no-smoking section on the boundary with the smoking 
section, and one sample (sample 4) was obtained at seat 


24F in the smoking section. The observed nicotine con¬ 
centrations (at actual conditions) were <0.03, ZS, IS, and 
42.2 Mg/® 1 * respectively. Twenty persons occupied the 
smoking section. 

The results from this experiment show nicotine levels 
decreasing substantially from the smoking section to the 
no-smoking section. The smoker nearest tests 19E and 
19F was seated one row distant on the oppoaite aide of the 
aisle. The results suggest that nicotine (end therefore, 
ETS) concentration gradients may tgxucally exist at 
boundary rows. 

Bartlett's test for homogeneity of variances was used to 
test the nicotine concentration data. Test results sup¬ 
ported a log-normal distribution. The concentration data 1 
were transformed to their logarithms in order to obtain 
homogeneity of variances and a normal distribution. The 
transformed data were then analyzed with e 3 x 2 factorial 
model ANOVA. Results indicate that the effect of aircraft 
type is not significant (P • 0.1802). On the other hand, 
the results show the effect of seating section (either 
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TabU IL KmdIu from Respite Collected in Smoking Sections of B727-200, B7374M, ttd B737-300 Aircraft 


temple 

tiromfl 

typ* 

SOSt 

no in 

smoking section 

bp of di 
Hooked (sstd) 

stapling 
time, min 

nicotine 

M «/■>’ 

_ * 
equiv 

35 

737r2O0 

16E 

NA 

NA 

60 

ND (0.004) 

ND (0.08) 

NA 

68 

737-200 

ISO 

13 

26 

60 

ND (0.02) 

ND (0.03) 

NA 

67 

737r200 

17C 

20 

37 

65 

0.04 (0.08) 

ox m 

NA 

66 

737-300 

19E 

22 

37 

60 

0.04 (0X8) 

0.7 (2) 

NA 

45 

727-200 

TOE 

25 

$8 

105 

0.04 

0.4 

0.0009 

ae 

727-200 

20B 

21 

60 

72 

0.05 

0.7 

0.0010 

27 

737-200 

16D 

NA 

NA 

65 

0.15 

11 

10024 

60 

737-200 

15B 

NA 

NA 

45 

0.11 

13 

0X022 

49 

737-200 

14C 

10 

17 

62 

0.19 

11 

0X035 

6 

727-200 

22F 

NA 

NA 

179 

0.96 

4X 

10172 

63 

737-200 

aoc 

34 

20 

25 

0.23 

16 

0X046 

$4 

737-300 

17B 

10 

17 

60 

0.46 

18 

0X095 

48 

727-200 

19B 

10 

23 

70 

176 

112 

10164 

28 

727-200 

21B 

17 

32 

67 

0X2 

10.5 

10129 

14 

727-200 

19D 

NA 

NA 

60 

1X7 

11.0 

10142 

6 

727-200 

22B 

NA 

NA 

91 

1X6 

14X 

0X291 

47 

737-300 

16C 

35 

123 

105 

105 

117 

10423 

66 

737-200 

150 

11 

6 

16 

0.42 

211 

10076 

61 

737-200 

18E 

7 

11 

45 

1.44 

30:2 

10293 

76 

737-300 

TOE 

16 

19 

37 

101 

39.5 

0X314 

4 

727-200 

24P 

20 

48 

72 

107 

42 T 

0.0653 

78 

737-300 

23F 

22 

30 

41 

4X2 

45.0 

0:0397 

62 

' 737-200 

17D 

20 

17 

25 

1X1 

67.1 

0X307 

79 

737-300 

22D 

22 

64 

114 

16,79 

698 

11466 

62 

737-300 

16B 

23 

38 

60 

4.06 

717 

0:0625 

43 

737-200 

180 

23 

31 

40 

6.18 

1114 

0:0967 


"Coocentrstioo at actual condition * 


smoking or do smoking) to be oignificant (P m 0.0477) « 
well as the effect of interaction, namely, aircraft X aaating 
•action (P » 0.0766). The model analyzed interaction with 
a type m turn of squares, which compenaatea for an un* 
balanced number of data and asy interaction effect on the 
main effect terms. 

Hie data strongly suggest that the significance of the 
difference in the nicotine concentrations between s moking 
and no-smoking sections would have been greater if sam¬ 
ples had been collected more evenly in no-smoking sec¬ 
tions: Only 9 of the 48 samples associated with no-smoking 
sections were collected outside of the boundary region; 
these nine samples tend to be associated with lower nic¬ 
otine concentrations. The significance of the aircraft- 
seating section interaction is expected in view of the fact 
that the areas of smoking and no-smoking sections and 
ventilation characteristics differ among the three aircraft 
types. 

He number of persons seated in the smoking section 
and the sampling time, when employed as covariates for 
the 3 X 2 factorial ANOVA model, were shown to be in¬ 
significant: P> 0.5437 and IP > 03221, respectively. Hie 
absence of significance for the former is exemplified by the 
0.4 Mg/»* result of sample 45 acquired in the smoking 
•action of a B727-200 when occupied by 25 persons. 

Table III aummarizea the concentration results by air¬ 
craft type and seating section. Included in the table are 
data ranges and geometric meant: 

Mean nicotine levels in the aircraft investigated are 
substantially lower than mean levels observed in envi¬ 
ronments where the density of smokers is similar. For 
example, Muramatau et al. (3) reported mean levels of 
26X2,38.73, and 47.71 *g/m* in student cafeterias, con¬ 
ference rooms, and automobiles, respectively. The design 
of the airomfu* HVAC systems accounts for both the ob¬ 
served relatively low nicotine concentration levels and the 
absence of significant correlation with number of smokers. 

Figure 2 shows the patterns of air circulation along the 
cross-section of a B727-200 aircraft (Diagrams for the 


Table III. tiaamary af Results frsa Sampling Nieatint la 
Aircraft 


—a 

BircTtn 

testing 


type 

section 

N 

727-200 

NS 

10 


S 

8 

737-200 

NS 

29 


S 

11 

737-300 

NS 

10 


S 

7 

tots) 

NS 

49 


S 

26 


nicotine concn, ng/a 1 


rsnge 

MID 

ND (0:03)-212 

16 

0.4-42.2 

18 

ND (0:00-40.2 

7:7 

ND (0.06>-1114 

15 

ND (0.4H7X 

42 

0.7 (2>-717 

31X 

ND (0X3M0.2 

15 

ND (0.081-1114 

92 


CVC*MEAJ> 


Rprt t Schematic of afcHow patterns tor crose-eocSon at S727-200 W 
•Scran {in CO 

B737-200 and B737-300 aircraft are eaaentially the nnt) 

Air auppliea and exhauata are located in a manner that j*' 
cauaca air to execute circular movement# along a row of W 
•eats. Air enter* the cabin from overhead venta and exit* W 
from venta located at foot level along cabin walla. Mir- (£ 
tor-image circulation pattern# distinguieh port and atar- 
board aeata of aach row. Air movement within a row abo 
depend# on the operation of overhead i venta by paaaengera. 
Important aapacta of the ventilation pattern# shown in the 
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Figures. Schematic Of Hrkm patterns along *e length of 8727-200 
mkcfft (f7) 


figure* are that longitudinal movement of air in the cabins 
is suppressed, as it movement across the aisles. This 
longitudinal suppression of air movement is illustrated by 
Figure 3, showing ventilation patterns along the length of 
a B727-2O0 S fuselage. (Diagrams for the B737-2O0 and 
6737-300 aircraft are essentially the tame.) The high 
ventilation rates of the aircraft studied (for example, 26.5 
air changes per hour for B727-2D0Y, 22.7 air changes per 
hour for B737-200's, and 26.3 air changes per hour for 
B737-3O0Y (JO)] minimize the residence time of ETS in 
passenger cabins. Additionally, ETS will tend to remain 
within a single port or starboard row of seaU owing to the 
effect of air movement patterns. 

The effects of ventilation and air movement patterns 
and the relative isolation these effects impose on a port 
or starboard row of seats may account for those results 
where nicotine concenlrstions in smoking sections are 
below the limit of quantitation even though the sections 
are occupied by substantial numbers of passengers who 
presumably smoke. Similarly, the nicotine concentration 
mulls of this study, when viewed in light of the aircrafts* 
ventilation characteristics, suggest that the port-starboard 
segregation approach utilized, for example, by European 
airlines, may be effective in reducing the exposure of 
persons seated in the no-smoking section to ETS. 

The results of this study show that, to be adequate, 
models for air quality within aircraft cabins must account 
for the unique ventilation characteristics of aircraft. 
Models assuming the complete mixing of ETS in passenger 
cabins (J4) are inappropriate for B727-200, B737-200, 
B737-300, and similar aircraft. 

Most of the nicotine concentrations reported here ha ve 
a high bias component due to the lack of barometric 
pressure data with which to adjust volumetric data from 
standard conditions to actual conditions. (Human res¬ 
piration is not affected by the barometric pressures 
maintained in passenger cabins (75).] Barometric pressure 
data monitored on four sample runs indicate that con¬ 
centration biases of up to 15 % are possible. 

The nicotine concentrations observed for this study are 
similar in magnitude to those reported by Muramatau et 
al. (3). These workers, using a portable system attached 
to persons conducting the sampling, reported nicotine 
concentrations on Japanese domestic aircraft that ranged 
from 6.28 to 28.78 pg/ro s . The mean concentration' of the 
seven samples was 15.18 Mg/m*. The authors concluded 
from these results that the exposure of persons to side¬ 
stream tobacco smoke, i.e., ETS, is very small. The au¬ 
thors, however, did not provide informstion regarding the 
types of aircraft, the sampling Ideations relative to the 
smoking sections, or the number of smokers; therefore, 
comparison with the results from the study reported here 
are limited. 

Some researchers (3, 74, 16) have used the "cigarette 
equivalent* computational device to quantify exposure to 
ETS and thus to place such exposure in a convenient 
framework for discussion. Such computations assume an 
average daily breathing rate and an “equivalent cigarette- 
on the basis of the delivery of nicotine or "Ur* in main¬ 
stream smoke. However, the term cigarette equivalent is 
inaccurate inasmuch as it suggests that persons thus ex- 

ttl Emfron Set Technot, Vol. 21. No. 10; 1967 


posed are smoking, when in fact they are not- In addition, 
inhalation during smoking is deeper and more prolonged 
than during ordinary breathing, and breathing rates are 
variable rather than constant. Finally, the cigarette 
equivalent concept is highly manipulaUble, because nic¬ 
otine or tar deliveries vary over a wide range of values for 
different cigarette brands and because no single definition 
is currently recognized. 

Ift spHe of these shortcomings, the exposures represented 
by the nicotine levels observed for this study msy perhaps 
be placed in perspective through use of the cigarette 
equivalent device. Accordingly, concentration! in no- 
smoking sections represent exposures ranging from 0.00004 
to 0.037 cigarette equivalent per sampling period! with a 
geometric mean of 0.0041 cigarette equivalent per sampling 
period. Concentrations in smoking sections represent 
exposures ranging from 0.00008 to 0.15 cigarette equivalent 
per sampling period, with a geometric mean of 0.0082 
cigarette equivalent per sampling period. These estimates % 
in genera) indicate very low exposure relative to active 
smoking. 

Conclusions •— 

The results of this study show that ha) segregation sig¬ 
nificantly reduces the exposure of pdrfens seated in no- 
smoldng sections to ETS and (bl aircrafts’ HVAC systems 
are primarily responsible for effecting this reduction. In 
addition, the results indicate that average exposures to yCP 
ETS are orders of magnitude lYss thaaexposures repre¬ 
sented by smoking a single cigarette; j 

Additional research is needed in driver to define more 
precisely and completely the effect ETS has on air quality 
in passenger cabins of commercial aircraft Future st udies 
should be expanded to include measurements of other ETS 
constituents and to involve wide-bodied aircraft on longer 
flights. 
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Oligomerization of 4-Chloroanlline by Oxldoretiuctases 
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■ Oxidation of aromatic amine* by oxidoroductaaaa can 
mult in tbe formation of polyaromatic product*. We 
incubated 4-chJoroanilbe with horseradish peroxidase and 
with a laccase from the fungus 7Vome(e* versicolor. 
Qualiutivf and quantitative analyses were performed on 
the oligomeric products. Both enzymes generated eight 
oligomers, which were isolated and identified. On the mis 
of their structures and rates of formation, a reaction 
echeme for the oxidative oligomerisation of 4-chloroamUne 
was proposed. The scheme shows that, once the substrate 
was enzymatically oxidized, free-radical coupling followed; 
and three dimeric intermediates were produced. Each of 
the dimers initiated a nooenzymatic reaction pathway, and 
the combined pathways accounted for the formation of the 
first tight stable 4-cbloroamline*derived oligomer*. 


Introduction . 

Aniline-baaed herbicides readily decompose in the aoQ, 

. but the resultant degradation products may be trans¬ 
formed into persistent xenobiotic species. Hydrolytic 
detvage of the aliphatic portion of the herbiddes produces 
aubstituted anilines, which often undergo oxidative po¬ 
lymerization and binding to soil organic matter. A study 
on the fate of substituted anilines in the soil found that 
at high concentrations (600 ppm) 40% of the applied 
material was recovered as polyaromatic products and 60% 
waa bound to »o0 organic matter (7). At low ooDoentratioos 
(1.25 ppm), 90% of an aniline soQ residue was bound to . 
aofl constituents’ with only trace amounts recovered taa ■ 
extractable oligomers (2). It is likely that the processes * 
leading td polymerization are also responsible for incor¬ 
poration of the anilines into humic substances. 

Models of oxidative reactions are essential for under- 
etanding the transformation of substituted anilines b soil. 
Numerous studies have been conducted on the one-elec¬ 
tron oxidation of anilines using oxidoreduciases, such as 
horseradish peroxidase and the la ceases of 7V©met*r 
versicolor and Rhixoctonia praticola (2-7). Some of the 
aniline-derived oligomers were stnxturaDy determined, but 
neither comprehensive product identifications nor quan- 
tiUtive analyses were reported, 

In a previous work, we identified the structures of all 
products formed in the oxidoreductase-initiated polym¬ 
erization of 4-chJoroanilbe and developed a method for 
substrate and product quantitation (5). In this investi¬ 
gation, we apply the quantitative method to follow 4- 
chloroaniline disappearance and product formations as a 
function of enzyme incubation times. We compart the 
product profiles resulting from the reactions catalyzed by 
horseradish peroxidase and the laccase of T. versicolor. On 


the basis of product structures and their relative amounts, 
we postulate reaction pathways for the oxidative polym¬ 
erization of substituted anilines b general and for 4- 
chloroaniline b particular. 

Materials and Methods 

Chemicals. 4-Chloroaniline was purchased from Aid- 
rich Chemical Co. (Milwaukee, WI) and wa»98+% pure 
as confirmed by thin-layer chromatography (TLC) and 
high-performance liquid chromatography (HPLC). 

Enzyme Assays. Horseradish peroxidase with an RZ 
(Reinheitazahl) of 0.43 and an activity of 45 purpurogallb 
units/mg of solid was purchased from Sigma Chemical Co. 
(St Louis, MO). A purpurogallb unit is defined as the 
amount of enzyme that forms ID mg of purpurogallb bam 
pyrogtUol b 20 s at pH 6.0 and 20 *C. The absorbance 
change is measured at 420 nmi * 

The extra cellular laccase of T. versicolor was isolated 
from growth media and purified as previously described 
(7). Laccase activity is given in DMP (2,6-dimcthoxy- 
phsno!) units. A DMP unit is defined as the amount of 
enzyme causing a change b absorbance at 468 no of 1.6 
unit mb' 1 at pH 4.2 of a 3.6-mL sample containing 8.24 
jtmol of 2,6-dimethoxyphenol Absorbance was measured 
with a Model 2000 spectrophotometer (Bausch and Lotnb, 
Inc,, Rochester, NY). * 

Unless otherwise specified, enzyme assays were con¬ 
ducted b citrate-phosphate buffers (pH 4.2) with 1 
pmdl/mL 4-chloroanQbe at 25 *C- Horseradish peroridase 
assays contained 2D jtmol/mL hydrogen peroxide and 
0.012 purpurogallb unlt/mL enzyme; 20 DMP unha/mL 
eras used b the laccase assays BoOed enzymes served as 
controls. 

High-Performnnoe Liquid Chromatography. At the 
specified times (0-120 min), enzyme activity was halted 
by the addition of an equal volume of acetonitrile to a 
2-5-mL aliquot of the assay solution. The 6.0-mL sample 
was then passed through a 0.2-jim poie Nylon 66 filter 
(Schleicher A Schuell, Keene, NH), and 176 *L was im¬ 
mediately analyzed by HPLC. AD quantitative data pobts 
represent the average value of triplicat^MUQfil* injections. 

Analysis was performed on a Waters Associates (Milford, 
MAf high-performance liquid chromatograph. The system 
consisted of s U6K injector, M45 and 6000 pumps run by 
a Model 720 System Controller, a Lambda Max 450 LC 
spectrophotometer set at 280 nm (0.05 AUFS), and a 
Model 730 Data Module. 

Reverse-phase separation was performed on a 16 cm X 
416 mm Supelcosi) LC18 (octadecybilica) column cf 6-jia 
particle size (Stipelco, Inc., Bellefonte, PA). The mbbilfc 
phase at a flow rate of ID mL/mln consisted of an aqueous 

tmfron. Sd Tschnd.. Vd. 21i No 10. 1087 900 
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warden spKettens durch die Umer- 
suchungen von Af. D. Lebowiu , £>. 
f. Arwf und it Jfunison (lot. 
Symp. on Indoor Air Pollution, 
Health and Energy Conservation, 
Ambem/Mass., U.- 16 . Oktober 
1961 ) als ScheinloiTelatioD erkinnt 

lltiitf 4cm Tfcef „Thc EfTeci at hum 
Smokinf on FuNnontry Function is Quldm* 

E fiftftft 4ie A ■torts bci itar Stutfie tu tfer 
irf*uu*|t: Jl i apperrm that household 
i||itgstion of pulmonary Amnion, which ji 
4cpcftdtni on household sggrt|suoo of body * 
mu. ought offm the nlatiOBship of cfaih 
4rtn*s pulmounr function id portsul soiok- 
k| When these to^oeho^d aigrrpuoi. mjt 
fonteted for, then m oo vcltbonhip ol 
childrts*s pulmoosry hioctios vofucs to po* 
rvsti! smoiinf*. Kicnnit wird einmsf onbi 
deuilkh* dal et gtltgcmJich du/thjus hUT- 
nkh seinkann. Aachdcr Uinhchcn FlciuihOi* 
i lit tutistach kcsiujicr KomUtioors so 

« 

Be! der Zuschrift von H. Rtmmtr 
befiflt sicb tin eibcblicher Teil des 
Beitrages mit den aktiven Rauches, 
dessen SchSdlichkeit bei del verge- 
gebenen Tkeznatik ibtr niebt tar 
Diskussion nebu 

H. Rtmmtr rtduxs'ert das kanxero* 
gene Potential des Zigartnenrauchs 
auf das Vorkommen von Nitrosami- 
nen, insbesondert von Dinetbyini* 
irosamin (NDMA); wobei er gJeich- 
teitig den Theme nkomplex erbeb- 
tich veniznpliftsert. TauJchb'cb ba¬ 
bes ochN-Nitrosoverbindungenbis- 


SchluBwofh-Zum Bereich des Spekufativen I ‘‘irSeun 7 "* 

' * I rirfmAmn fcann fur tie aur 

Die geten meinen Komroentar ge- 
riebtete Lesemuchrift von F. For - 
theint bat sicb substantiell mit den 
beiden tux Diskussion nehendeo 
VeriffenUichungen usd MMW-In- 
terviewt aicht •useinandergesetzt. 
insbesondere abtr hat F. Fonhcint 
keisen meiner gegen die Aussagen 
von 7 . Hirayvno vorgebraebteo Kri- 
likpunkte angcsprochcu, geschweige 
dess entkrinen kfinnen. ire Bemu- 
ben, ereotionsJos und aussehlieOlich 
auf konkrete Argumente xu erwi- 
dtrn, blelbtn ru seinen Ausfuhrun- 
gen our foigende Bemexkungen not- 
wendig: 

1 : TiercxperimenteQ gewonnene 
Dates xum Problem des Passiv-Rau- 
chess Leges ire eioscbligigen wis- 
senschaftiiches Schrifttutn bislang 
niebt vor. Wenn naeb F. Fonheine 
trotzden ..die krebserxeugende Wir- 
kusg des Paariv-Rauche&s ire Tier- 
experiment durch xahlfeiche Unter- 
suchungen tinwajrdfrei gesiehert" 
ist, kina' — da cine wtssentL'che 
Falicbdarrtellung niche unientellt 
wild - diese Auffassung nur aus ei- 
ner Fehleinschltxuog der Methodik 
durchgefuhner Tierexpcrimente re- 
sulberem Tatsfchlich pCegen Ver- 
suchstiere kaure aktiv (■ freiwillig) 
xu rauchen. Ure'die Cegebenheiten 
des Aktivrauchens beim Menschen 
xu aimulieren, mussen daber die 
Versuchstiere twangsweise reasebi- 
sell, d. h. passiv (■ unfreiwillig) be- 
raucht werden. DaO diese Art dea 
Zwasjprauchens geTegestEch mit 
der iezeichsung ..Passivrauchen*' 
bdegt wurde, reuC ire Hinblick au! 


long bei mebr als 20 Ticnpexies als 
kanxerogen orwiesen. Mil guien 
Crusden kann fur sie aucb tin krebs- 
craeugendes Potential beim Mes- 
teben angenomroen werden, wobei 
Aussagen xur Organotropic der kas- 
xerogenen Wirkung allerdinp vor* 
erst niebt mdglich sind ( 7 ). In den 
tier xur Diskussion rebenden Zu- 
aarereenhang mu 6 festgestelli wer- 
den.daSFf. Rtmmtr passiv jnhalier* 
tern Tabakraucb aber einem fur die 
tesarete Nitrosaminbelastung des 
Menschen quaotiutiv wie m&gL'cber- 
weise auch quaJitativ v 6 Uig fabchen 
SteDcnwen gjbL Ninosamine born* 
men als filucnuge Verbindunges nn- 
abhlnpg von jedemTabakabbrud 
otfensichilich ubiquirix vor, wobei is 
der Ate&lufii oft Konxentrationen 
eneicht werden, die weii fiber denje- 
nigen L'egen, die durebi Tabakraucb 
eneugt werden kfinnes. IsTabelle 1 
finden sicb tinige Konxemmionsan* 
gaben fur das von H. Rtmmtr nc- 
sell asgesprochene NDMA. Ver* 
gteichsweise sei in diestm Zauns- 
Dt&hang erwihnt, da 6 dein reenscb* 
b'chen Organismus mit der Nahning 
tiglich bis xu 1,1 |ig NDMA zuge* 
fuhnt werden ( 9 ); und'daB rail dem 
Nauptrtrom von 10 FUtersgarenen 
bis xu 0,06 |ig NDMA aktiv inhaliert 
werden ( 3 ). in welchere MaSc insbe- 
sondere mit der Nahrung aufgenore* 
reene nichrfluchtige Nitrournine ein 
Cefkhrdungspotemial darsteOen, 
muB gegenw&rtic noch often blei* 
ben; da die Anaiytik dieser Vcrbia- 
dungen beute nocb nicht von be* 
bemcht wird. Mit s’emlicber Sicher* 


Tab.n. 1 : MOMA-KwrfitrttioAtn Ia <»' tvft nArf hf.raut fur * 4 n. tipc*rtfonw»K ron 
• SluAdtn ibgucltiai tnhalaflv. NDMA-AvfnahmaOta Uanacfwfi 


Passivraucbens im'heutigen Wort- 

(• Mitrauchen) xu fibenragen. 

“ • 

T- Die von F. Fonhtine als Be- 
weo fur die Schidlichkeit des Passiv- 
rsucheas angefuhnen Exgebnisse 
Ober den Gesundheitixustand von 
lundexn akaVrauchender Eitern 



>•».»•- '* • 



Rlume, in denes . - ' 0,02-0,05 ng/m 1 (1) • • : 

gerauchtwird 0,01-0^4 jig/re* (2) , ? 

• v«* • . | ■ • N 

Innenriume von Autos 0 , 07 - 0,13 iig^o* ( 4 ) .. 

Lederindustrie . bis xu 50 ng/re . ( 6 ) 


• 0 , 096 - 0,24 |ig 

• 0,040-1,15 |ig 

' 0J36-3.98 « 
. bis xs 240 pg 


<rC£'2, 
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beit darf aber bet aBto Diskussionen 
um eine^oaogene Nitrosaminbela- 
srung do Me rue hen die voo H. Rem- 
mtr aur andeutuapweke angespro- 
cbene In-vivo-Synthese von Nitros- 
amihen aiebt unberucksichtigt blei- 
bea. R. Tannenbaum (10) schltxt, 
diO beim Mensche’a 10 tlglich bis ru 
070 |i| NDMA entstehen k&noea.' 
Mil diesera Kontext rfickea die 
Oberfegupgea von H. Rtmmer rur 
| fesundheitsschidigenden Reievmz 
1 des NDMA-GcbaJis voo Passivnuch 
eindeutig io dec Bereich des Speku* 
la liven. 

AbschJieBend bleibt festzusteHen, 
dafi aur die wenfreie und voruneils* 
lose Diskussioo den Raura schafft, io 
dem wksenschaftlicbes Suchen and 
iFinden gedeihea kann. Jede emotio- 
Dale Einstellung in der Argumenta¬ 
tion kann der Wahrheitsfindung nur 
hinderlieb sein. Pies gill aucb fur die 
Fngen der gesundheiilichen Auswir- 
kungen des Passim uchens. 
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„!Humanes Sierben": • 
Wem hiJft’s iaisachlich? 


Eia Jabr Usg gib: es ann die Deal* { 
ache Gesellschaft Er Hu manes Ster- 
bea (DGHS). Sie umfaBt bei einer 
moaatlicben Wachsnussnte voa 80 
bis 100 Mitgliedem aaeb eigenea 
Artgabea fiber 1000 Menscbea, die 
bereit sind, (fir eineo jihrlichen Mia- 
desibeioag von 30 DM busian zu 
sterben. Das bei fit auch, rail aus- 
drucklicher Biliigung der passiven 
Sierbehilfe teitens der Median. Die 
DGHS siebt daher die Herauspbe 
von PatjenteaverEguagen, die im 
Vollbesitz der psychischen und phy- 
sischen Krifte gemacht werden, ails 
ihre bislang wiebripte Leistung an. 
Ebenso brachte sie eiae Broscbure 
zuwege, die sicb ..Menschenwurdi- 
ges und selbsrverantwonliches Ster¬ 
ben" nennt und aur an Mitgjkder 
ausgegeben wird, die mindestens seit 
ei&em Jahr dieser Organisatioa an- 
gehfiren. Auf diese Weise will sie - 
nach den Wonen ihres Prlsidenten 
Hans Hemine Atrort - .Atfekt-Ta- 
ten ausschliefien". Und glaubt emst- 
lich, uo GegeruaQ ru asderen Inter- 
essenverbinden iciersationaler 
Couleur, diejenige zu sein, welche 
„die p66u.n Vorsicbisma&nahmcn 
trifft". 

Der DGHS-Vise Dr. Raseht, der 
die geheimnisvolle Schrifi teils fiber* 
seine, teils bearbeitete, teils oeu 
konripiene, wollte sie sogar nur an 
fiber 40jihrige ausgehSndip wissen, 
well - so weiG dieser ..Landaizi mil 
groGer Praxis" (Ruche) - erst in 
diese m Alter gewihrleistet ist, dafl 
der Mensch gefestip ist, einen Bcnif 
ausubi und sich Lebensvorsiellungen 
gebildet hat". Diese Einschrinkung 
bane er rich jedoeh ohne Ruekspra- 
che mil 1 den DGHS-Fuhrunpkolle- 
gen ausgedacht und wuide deswegen 
each von seinem Prisidenren Airon 
enispreehend gerup, der da meinie, 
es wire wohl besser gewesen, das 
Thema zunichst intern zu regeln. 
Peinlicherweist Celen so wohl Fa- 
iches Lebensweisheiten als aucb 


Atmm Distanzieiung wihreod der 
Preuekoaferenz air Ein-Jahxes- 
Eloge. 

So behr die Aufpbenslellung der 
DGHS st, so dOeiunbsch erscheint 
ihre Bearbeirung Oder gar BewUti- 
gung. ZweifeUos spricht alles - und 
gerade der medizisische Prakrikcr 
weiB oft ein garsbg Lied davon zu 
lingen - gegea ein langes Siecbrum, 
m&glicherweise unter erhebbehen 
Scbmerzen, fat Intensivrtationen, 
Klinikbeiten Oder zu: Hame. Die 
Abaahise der tmlichen Veraatwor- 
lung durch die Patiemenverffigun- 
gen gerade dann, wenn der Patient 
aicht mebr in der Lage kt, Entschei- 
dungea zu Peftien und zu iufiern, 
bedeutei (fir den Therapeuien gewiB 
eine poBe Hiife. Andererseiu ist es 
friglich, ob der Betroffene zur Zen 
der Verfugunperklimng sicb auch. 
bewufit in, was cr titsichlicb ver- 
lanp oder enkvien kann. 

Die DGHS sollte sicb hier mit der 
AulkUrung und Geradestcllung des 
Themas bepfigen und nicht irgend -1 
welche ohskurco und esoterischcn 
Broschuren auch noch zur Selbsnft- 
lung herausgeben. DaG sie das often- ] 
sichilich selbst aucb so debt, seip 
der deutliche Hinweis, tie mache 
tich mit der Schrift ja ledigjich der 
Beihilfe zutn Sulzid schuldig. Und 
| das ki natfirlich, wie die Tat selbn, 
Straffrei. Uberdies, so beiont die Ge- 
sellschafi, wfirde sie „bei einer ge- < 
setzlichen Rcgelung der akiiven 
| Sierbehilfe diese Broschure wiedcr 
zuriickziehcn". Wem also soil sie tai- 
sSchlich helfen? Dem. Geseugeber 
auf die Beme Oder, dem Miltlied un- 
ji ter die Erde? 

I Die Deutsche Gesellschaft Er Hu- 
| manes Sierben will ab 1982 eigenc 
Aizietage verannaltcn. 


t*fo Sekolun, 22 *. D-6C32 

Grffclfiag. 
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•CONCLUSION: IN THE REALM OF SPECULATION 


by 

| C. Lehnert ( 

Director des Zentralinstituts fur Arbeitsmedixin 
Adolph-SchOnfelder-str. 5 
D-2000 Hamburg 76 

The reader's letter from F. Portheine directed in opposition to my 
commentary did not substantially differ with the two publications and HMK- 
intervievs under discussion. In particular, however, F. Portheine did 1 not 
address any of my critiques brought forth against the statements of T. Bira- 
yama, let alone refute them. In an effort to counter these without emotion 
and exclusively with concrete arguments, only the following remarks are re¬ 
quired withi respect to his statement: 

1. Data obtained from animal experiments with respect to the problem, 
of passive smoking are, to date, not available in the pertinent scientific 
literature. If, in accordance with F. Portheine, nevertheless "the carcinogenic 
effect of passive smoking is definitely substantiated through numerous investi¬ 
gations," - inasmuch as one can impute no conscious falsification - this concep¬ 
tion. can only result from an erroneous assessment of the methodology of the animal 

experiments carried out. It is indeed known, that experimental animals hard- 

* 

ly smoke actively (■ voluntarily). In order to simulate the circumstances; 
of: active smoking in humans, the experimental animals must be caused to 
smoke by force, i.e. passively (« involuntarily). The fact that this forced 
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smoking is occassionally given the designstion "passive smoking” must be 
seen ss unfortunate in consideration of the problem of "co-smoking" cur¬ 
rently assisted with this concept. However, this is no Justification for l 
transferring the data thus obtained in animal experiments to the conditions 
of passive smoking in the present sense of the word ( * co-srooking). 

2. The results sited by F. Portheine as proof for the injuriousness 
of passive smoking with respect to the state of health of children of 
actively-smoking parents were recognized most recently as an apparent cor¬ 
relation by the investigations of M.D. Lebowitz, D. B. Armet and Kundson 
(Snt. Syap. on Indoor Air Pollution, Health and Energy Conservation, Am¬ 
herst, Mass., 13-16 October, 1981). 

Under the title "The Effect of Passive Smoking on 
Pulmonary Function in Children”, in their study, the 
authors arrived at the final statement "It is apparent 
that household aggregation of pulmonary function, which 
is dependent on household aggregation of body mass, 
aiight affect the relationship of children's pulmonary 
function to parental smoking. When these household 
aggregations were corrected for, there was no relation¬ 
ship of children's pulmonary function values to 
parental smoking." By virtue of this, it again be¬ 
comes more clear that it is occassionally helpful to 
question the clinical plausibility of statistically 
substantiated correlations. 

In the letter from H. Homer, a considerable portion of the contri¬ 
bution is concerned with active smoking, the injuriousness of which is 
not tinder discussion with the given subject. 

B. Bemmer reduces the carcinogenic potential of cigarette smoke to the 
presence of nitrosamines, in particular of dimethylnitrosamine (MDMA) and 
in so doing, at the same time considerable oversimplifies the complexity 
of the subject. As a matter of fact, to date, N-nitroso-compounds have 
proven carcinogenic in more than 2D animal species. On good' grounds, 
they can also be assumed to have a carcinogenic potential in humans, in which 
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case statements on the organotropism of the carcinogenic affect, how¬ 
ever , are certainly not possible PJ. In the relationship here under dis- 

m < 

cussion lt|8iust be established that H. Reirsner does not give a completely 
incorrect value for the overall nitrosamine burden of humans quantitative^ 
ly cr, possibly, also qualitatively. Nitrossmines obviously occur every¬ 
where as volatile compounds independent of any type of tobacco combustion, 
in which case concentrations are often reached in respiratory air that are 
far above those that may be produced by tobacco smoke. Given in Table 1 
a: e various data on concentrations for the KDKA particularly addressed by 
B. Renaner. By way of comparison, it cught be mentioned in this connection 
that the human organism is daily supplied with up to 1.1 vg ©f KDKk with 
the nutrients 19] and that, in the mainstream of ten filter cigarettes, 
up to 0.06 vg of NDKft is actively inhaled 133. The extent to which, 
in particular, non-volatile nitrossmines absorbed with the food repre¬ 
sent a potential of endangerment must, for the present, remsin an open 
question, for at present we have not yet mastered the analysis of these 
compounds. With some certainty, however, in all discussions of exogenous 
loading with nitrossmines in humans, the in-vivo synthesis of nitrossmines 
that is addressed by B. Ressner only in passing should not remain out of con¬ 
sideration. R. Tannenbaum 110) Estimates, that in bumans, in this manner 
up to £70 vg Of NDttA may be produced daily. In this context, the considera¬ 
tions by H. Reamer with respect to the health-injurious relevance of the 
HDKA-content of passive smoking, clearly move into the range of speculation. 

In conclusion, it remains to be stated that only impartial and un¬ 
prejudiced discussion can create the space in which scientific research aad< ^ 
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discovery can thrive• Any emotional position in the argumentation can only 
be a hinderance to finding the truth. This applies : also to the questions 
of the health effect of passive smoXing. 


Place 

KDMA value 

KBKA absorption 
in 6 hrs. at 

10 1 AKV 

Rooms where 

0.02-0.05 vg/» 3 11) 

0.096-0.24 vg 

smoking occurs 

0.01-0.24 ug/m 12) 

0.04B-1.15 vg 

Cer interiors 

0.07-0.83 vg/» 3 14) 

0.336-3.96 vg 

Leather industry 

up to 50 vg/» 3 (6) 

vp to 240 vg 


Table Is KDKA concentrations in the air and hence the estimated 
inhaled HDMA absorption by humans during an exposure 
period of 6 hours 
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are there really important mew finbihgs about passive smoking? 

>t Py H. Schievelbeln.- 

■S *' 

Institute of Clinical Chemistry-, 
the German Be&rt Center of Munich, State of Bavaria 


SUMMARY 

. In 1977, a report appeared from a conference of the Bavarian 
Academy of Occupational and National Medicine of Munich, with t^e 
title "Passive Smoking at the Work Place." In this report, 
a majority consensus was reached to the effect that passive 
smoking is Indeed an annoyance, but not a health hazard for 
the non-smoker, and that legal regulation is not required. 

Since this report, various epidemiological-statistical studies 
have been published by means of which attempts have been made 
to demonstrate health injury to non-smokers by passive smoking. 

In the present work, the results of these works are critically 
reviewed. It has been established that these publications do 
not provide sufficient evidence to prove health Injury from 
passive smoking. One must be cautious, therefore, about rushing 
Into premature conclusions from these publications, or demanding 
legislative action because of them. 

Key words: Smoking - Passive smoking - No health injuries 
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Since the appearance of the report of the Bavarian Academy 
of Occupational and Rational Health of Munich in 1977 (1), passive 
smoking has been discussed in increasingly controversial terms. 

On the appearance of this report, the idea was accepted that 
passive smoking was indeed an annoyance, but injury to health 
could be ruled out. In the meantime, a series of publications 
have appeared in which an association of passive smoking with 
health injury is asserted. Ihese investigations have led to ^ 
a flood of further publications, in which the results of the 
originally reported work have been interpreted quite differently. 
Currently there is a reiterated impression that the health-injurious 
effects of passive smoking are already proved!. Many of these 
publications have nothing to do with scientific argumentation. 

A hodge-podge of half and total falsehoods, polemics against 
those with other opinions, and unsubstantiated demands on legis¬ 
lators cannot, of course, help in answering the open question. * 

What is really the situation as to the new findings about 
passive smoking? 

1) It is certain that cigarette smoke contains a large number 
of carcinogenic substances. Their distribution In main - and 
sidestream smoke is different from one substance to another. 

In the first place, the passive smoker breathes a highly diluted 
sidestream smoke, which corresponds, as a maximum, to the smoke 
from a fifth to a half cigarette per day (2). Bow much_JBnoke 
the passive smoker actually takes into bis lungs is unknown, 
since the passive smoker does not inhale more or less through 
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tbe mouth, but rather inhales shallowly through the nose. 

Besides other carcinogens In the sidestream smoke* nitro- 
samlnes* to which a few authors ascribe special significance* are 
also present ( Schmidt (3), Reamer (h)). Schmidt asserts that 
the nitrosamlne content reaches values In smoky indoor areas 
which correspond to as much as 30 cigarettes per hour. This is 
true* and is prone to provoke emotions; from the scientific 
point of view* however* this Is only of secondary value: | 

a) Ihe dlmethylnltrosamlne content of the mainstream smoke 
of a filter cigarette is between <0.1 and 6 ng, and is on the 
average 3 ng (5). Under unfavorable circumstances* as much as 
90 ng dlmethylnltrosamlne per hour may be picked tip. Despite 
this* the daily average dlmethylnltrosamlne quantity taken In 

by passive smoking would be far less than the average nutritional 
limit for dlmethylnltrosamlne of 1100 ng (6). Furthermore* 

* 

there are additional sources of dlmethylnltrosamlne in our en¬ 
vironment, which can be seen from the compilation of Lehnert (7). 

b) The quantity of nltrosamines picked up as a result of 
passive smoking and nutritional intake are to be compared with 
the endogenous nitrosamlne formation. The most recent Inves¬ 
tigations have shown that one* should consider values of 16*000 
to 30*000 ng (6). This would be many times greater than the 
burden from passive smoking. 

c) There are probably additional non-volatile nltrosamines 
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which are present In food. Little is known about the magnitude 
of the amount and its carcinogenic potential, since the necessary 
methods of determination have not yet been developed (9). What 
may come out of this area can only be surmised. 

2) For the reevaluation of these data, it has been asserted 
:or years that the carcinogenic effects of passive smoking should 

m 

be unambiguously confirmed by animal experiments ( Portheine (IQj, 
Schmidt (3)). Actually, animal experiments on passive smoking ^ 
have not yet been carried out. As Lehnert (?) has pointed out, 
a contrary assertion - if an intentional misrepresentation Is 
not assumed - can be ascribed only to a faulty evaluation of 
animal experiments made heretofore. The experimental animals 
in these experiments were exclusively exposed to passive smoking 
of mainstream smoke at a high concentration. On the other band, 
passive smokers are esqposed to sidestream smoke at a highly di- 

• i 

luted concentration. It is disturbing that the cited authors, 
to whom these associations have often been referred, apparently 
cannot learn more from them. They probably will stay with their 
false concepts in the future. 

3) Recently, epidemiological studies have been carried 

out which purport to show the’ injuriousness to health of passive 

/ 

smoking. These appear to me to be much overvalued as to the 
force of their evidence. Evidently the desire to impr ess t he 
non-smoker, to whom analytical data mean little or nothing, comes 
to the fore. 
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a) Schmidt (3) cites 27 works, from which it would clearly 
appear that the children of smoking parents suffer from Inflammation 
of the respiratory passages more frequently than the children of 
non-smokers. Be limited himself to fewer than half of the cited 
studies, while In the rest of the works the theme was either 

not investigated at all and only other studies were cited, or 
the association reported by Schmidt was not found. Investigations 
which arrive at a "clear 1 * conclusion are not easily executed. ^ 
Indeed, allowance for differences in social status of the parents, 
the living conditions, the genetic predisposition, etc., make 
the assessment of the Isolated factor "passive smoking" almost 
impossible. Since the necessary standardisation of the lung 
function of passive-smoking children is not checked, doubt as to 
the asserted association is present in addition (11). 

b) That passive smoking causes deterioration in lung 
function, as maintained by White and FToeb (12), must now be 
regarded as completely unproved, since the communication by 
Oostomzyk (13) on the planning and organisation of the study in¬ 
volved; the work of White and Froeb really can make no claim to 
be taken seriously, in the scientific sense. 

c) That non-smoking wivbs of smokers, according to Miller 

/ 

(14), die on average four years earlier than non-smoking women 
married to non-smokers, is supported by agreement in Germany only 
by the "Medical Working Circle on Smoking and Bealth." Scientists 
were aware from the start that the calculation by Miller was 
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contrary to the fundamental rules of statistics (15). 

d) Whoever wishes to provide himself an impression of 
the validity of the work of Hirayama (16) and Trlchopoulos et 
al. (17) should read the interview with Hirayama and the 
commentary by Lehnert in the MMW (18). It is shown that the two 
studies both show decidedly weak positions. Their results, 

m 

therefore, can neither affirm nor deny an association of lung ^ 
cancer with passive smoking* Further, it is noteworthy that ^ 
Schmidt (3) cites only Hirayama and Trlchopoulos. but does not 
mention the work of Garflnkel (19) and Chan (20), whose results 
do not speak for a connection between passive smoking and lung 
cancer. The Hew York epidemiologist Wynder is of the same 
opinion (21): 

*While sidestream smoke does contain the same types of 
tumorigenic agents contained in the mainstream smoke, quantita- 
tive studies on the smoke components in a roam suggest that the 
quantity, especially of particulate compounds, that could be 
inhaled by an individual would not suffice to provide a carcino¬ 
genic burden." 

♦ 

In summary, I come to the following Judgement: The injurlous- 
ness to health of smoke is beyond doubt. Considering the dose- 
effect relationships, I do not consider it possible to proceed 
beyond this to a conclusion about the injurious health effects 
of passive smoking. This appears to be the case because of 
scientific studies proving the association between health injuries 
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and passive smoking are not available; contrary to the assertion 
of Schmidt, animal experiments on the subject of passive smoking 
have not yet been published anywhere in the world. The studies 
of White and Froeb (12), Miller (14), Hlrayama (16) and Trlcho- 
poulos et al. (17) do not withstand scientific criticism. 

Despite this, the necessity of strengthening protection 
fif the non-smokers appears quite understandable to me. Finally, 
there are enough people who feel annoyed by passive smoking, an^t 
who sometimes wait in vain for consideration from the smoker. 

There is, furthermore, the problem of the passive smoker’s ex¬ 
posure to carcinogenic substances, for which threshold values 
cannot be stated. For me, the question is whether all of this 
suffices to have recourse to stern regulatory measures, with all 
their consequences for our society. Finally, passive smoking 
is only one of many stresses, and finally, there are in our 
total environment, carcinogenic substances in minimal concen¬ 
trations with which mankind has apparently learned to live in 
the course of his ontogeny. 

In my view, society must determine whether smoking in 
public should be limited. This determination, however, presupposes 
information which is not manipulated in a one-sided way, but is 

directed toward reality. The*question as to the consequences 

/ 

of federal intervention must also be set forth. What other 
human modes of behavior should be regulated in the same way as 
smoking? To what extent should such measures be demanded of the 
citizen of a free society? When a few authors like Schmidt -(3) 
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and Reamer (4) have already decided, I hesitate. 


Remarks at Revision 

In a recent work by Feyerabend and coworkers ( Feyerabend. 
C.T. Hlgenbottam , M.A.H. Russel : Nicotine concentrations In urine 

m 

and saliva of smokers and non-smokers. Brit. med. J. 284 (1982} 
1002-1004), the impression is created that non-smokers who are ^ 
exposed to tobacco take in about as much nicotine, and thuB 
also other tobacco smoke components, as smokers who smoke up 
to 3 cigarettes. These conclusions are based on measurements 
of the nicotine concentration in urine and saliva in a total 
of 138 subjects (non-exposed non-smokers, exposed non-smokers, 
smokers). These statements appear misleading to me. An analysis 
of the work brings out the following questions: 

1. Why do the non-exposed non-smokers attain the nicotine 
▼slues of smokers of up to 2 cigarettes? Is it conceivable 
that non-smokers, without seeing or smelling it, could inhale 
such a considerable amount of cigarette smoke? Are methodological 
errors not present? 

m 

2. Bow can it be that there are smokers with small nicotine 
excretion? Should they not rather be considered as passive 
smokers, since they surely do not inhale, but instead puff? 

3. For a dose - and therefore a risk assessment, should 
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not better average values be used? Considering all the subjects, 
one would^ then arrive at a dose relation!Passive smoker/Saoker 


of 1 : 50 , which is also considered possible by other authors. 


Prof. Dr. Helmut Schlevelbeln, Institute of Clinical Chemistry, 
the German Heart Center of Munich. State of Bavaria. Lothstr. 

H, D-8000 Munich 2 * 

\ 

\ 
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On Grandh.-Wn *4 (IM2) 454-45* 
©Gc«rj Tkimc Verbs Siruprt * Nrw Vnrt 

Gibt n wirklich wichtige f>eu«r« Btfund* ium Passrvrauchan? 

H. tchi m fc t i n 

Imuw b KlM«b Owmb, Onmctm Hmimnin Miw d w w dn ^rrbww br*« 



Paumeuchen bt Kit dem Ertcheinea do Berichu* des 
.Bsyerischen Aksdemic fur Arbeit*- und Sozblmedixin, 
Munchen** im iihn 1977 (I) zunehmend kontroms 6b- 
kut*rl worden. Brim Erscheinen diem Berichtcs wurde 
die Vorttel)un| akzeptiert, daft Patsmauchca zwar 
Belistigung dsreirDcn kann, daft after dm Gcsuadhdta- 
achidlkhktH autzuechlicften bt Is der Zwbchenzdl bt 
dm Rcihe von Publikationen cnchknca, in deaea da 
Zuammenhang zwischen Paumauchen and doer Geaund- 
heituchsdigung.behauptel wird. Diete Uaterwchtmgen 
habca n enter FMit ron weiteren PublOcatioma geffihn. 
in denen die in den OriginaUrbeiten milgeteOlea Eifeft- 
abse luftcrst wnienchiedlich interpretiert arerdta. Meutc 
Besteht aietfach der Eindruck. daft die getundheluichftdt- 
gende Wirkung de* Pasunauchent bertiU nachgeoricsca bL 
Mil wfesciuchaftlichcr Argumentation haftea dele diner 
Publikationen nichtt mehr tu tun. Ein Sammebwrhtm non 
Halft- und Unwahrheitm. Potemiken gegen Artdendenkcade 
and unsubsiantikrtc Forderungen an dea Ceseugebcr fcaaa 
atlmlidi die offeaea Fngen nkht beantworten hdfea. 

Ww wKlIt es rich nun mil den ncuea Bcfundca no 
Paumauchen wirklich? 

1) Es bt geskbert, daft Zigarctlenrsuch dne grofie Antahl 
aoa kauinogenen Subttanzen enthilt Due Vertrfluaf 


auf Haupt- and Nebeiwtromraueh bt eon Substanz zu 
Subsunz etnchkdcn. Der Paomaucher atmet in erster 
Linie dark verdunnten Ncbcnsiromrauch dn. der pro 
Tag mengenmiftig maxima) dem Rauch dner Fiinftel- 
zigarrtte bit zu einer halben Ziga retie entsprkht (2). 
Wicvid Raueh beim Passbrauchen wirklich in die tun- 
gen aurgenommen wird. bt unbekannt, wtO der Pat^iv- 
vaocher den Rauch nkht fiber den Mund mehr oder* 
wtniger Ucf MiaUert, aondcra flach fiber die Nate tfe- 
•UMt 

Nr ben anderen Kardnogenen kommen fan Ntbensuonv 
rauch auch Nitrosamim aor, denen dnzdhe Autoren 
dne bnondere Bedeutung bcimessea (Schmidt J3J, 
Remmtr |4|X Schmidt behauptel. daft die Nitroaamm- 
aufnahme in eerqualmten Innenriumen Wntt emicht. 
die dem Cchalt bn Hauptitromrauch «m bb zu 30 D 
prrtten pro Stunde entsprechen. Dies bt zutrcfTend, 
eignet skh auch, Emotioncn zu erzeugen, hat after aus 
wiuenschaftJicber Sicht nur eiocn uotcrgcordnctcn 
StcDcnwcrt: 

l) Der Dimethylnitrosimingehalt liegt bn Mauptatrom- 
rauch einer Fflicnigaxette xwbehen < 0,1 and 6 ng 
and betrigt durchachnittlich 3 ng (5). Untcr angun- 
atigen Bedingungtn kftnnen pro Stunde dutch Passie- 
rauchen wohl bb zu 90 ng Dimethylnilrosamin auf 
genommen warden. TroUdtm durflc db durch- 
aduUtllkhc tlglidhe Dimethyinitrosammaufruhme 
dutch Passmauchen writ untcr der durchachnHl- 
Bchen emlhrungtbedingten DintethyinJtroaminauf- 
aahme van 1100 ng (6) liegm. 1m ftbrigen gibt es 
in unarm Ihnwtlt weitert Dimcthybiilrosaminquet- 
ka, wie aut dcr Zusammenstellung aoa Lthiurt (7) 
ankhtlich bt. 

b) Der eom Paahmuchen and derNahningsaufnahme 
abhingigtn Nitrouminaurnahme ateht die endogenc 
NitrouminbSdung gegenfiber. Neueste Unlerauchun- 
gen rrpbrn. dafi mit eincr tlgjichen In-vivo-Entste- 
Ibing aon 16000 bb 30000 ng zu rechmn bt (I). 
Dies wurde um ebt VkJfaches fiber dcr Belastung 
durch Paseivrauchen UegesL 

c) Ei gibt winutlich weitert ntd iiflOtfee N itroandne. 
die btder Nahrung aorkommea. Dbeodia-Hfihc dcr 
Jastung und Our kanzerogrm Polenz bt wenig be- 
kannt. da die erfordedkhen Nachwehmethoden 
aoch nicht entwickelt sind (9). W*» aufuns auf 
diesem Cebici zukommt, bt aorersl aur zu crahnca. 




“9ustrydocuments.ucsf.edu/docs/hnnx0000 


eit08ec202 



On CraMMUL-Wn 44 |IW3) 


« nlM »Al*r «wn »H»«4r |M 

• 1) U«n Jtrv »nil>ifvlirn Dura aufcuwcrtm. wild wit 
Jahicn hchauplfl. dir ktebaciteugende Wirkung do 
Pasameudama sei an Turnpeiimail cinwandfrci ge* 
licKnl iPkrlktine |I0(. SchmtJi |3J) In Wirklichkcil 
aiiHl Tieieapermaenie rum Paumauchen bis heutr nichl 
durcttfrfdiri wordcn. »V Lehnert (7) autfuhrt, ban 
etnr grgcmicilige Bclieuptung - wmn man ettae bcwu&te 
' FakrhdarBeflung nicht unicrttcUl - nur auf cine fahdtc 
Emtchatzung der Mrihodik bei den bisher durchgefuhr- 
leti Tieteapeiimemm hmwcitea. Die Verauchuiert wur- 
dan Net dmen Eipcrimmtrn auatchlir&lich mit Haupt- 
Bromrauch an hohri Konzent ration panhr beraucht. Da- 
gegen ttnd Pattmsuchtt dem Nebenstromrauch in Bark 
verdwnntcr Koiucniiaiion auageaetzt. Slbrend hi nur, 
da* dir zificrtm Auiorrn. derten drear Zusammenhange 
do ofiercn mitgctcilt warden warm, ofTensichtlich nicht 
aaekr dazulernm konnen. Sie weiden wohl aueh in Zu- 
kunfl bei ihxtn falachen Bchauptungen bkiben. 

\j) Srit neural rm werdrn aueb epidemiologuche Dnter* 

£ auchungtn anjtfuhrt, die die Ceaundheitnchldlidikdt 
do Faurrrauchrna aufzcigm sollen. Diese tche'mca mir 
a in Barer Auisagekraft stark fibcrbewertet zu tein. OfTera- 
| aiehtlicb kommt: darin drr Wuntch zutn Ausdnack, den 
* Nickiraucker zu bceindrucken, dem arulytische Dnten 
wrnig eder niehta brdruten. 

a) Schmidt (3) ztiien 27 Arbeiten, aus denen klar her- 
Tsr|ehen soil, dafi die Kinder rauchender Stem hJu- 
•ftr an EntzundungtnderAtemwege erkranken ala 
Kinder von Nichtravchern. & hitie sieh auf weiujrr 
ala die Hilfic der Zitait betchrlnken soDen, wefl in 
den rrttlichrn Arbeiten dal Thema entweder pr nicht 
tmtcraucht wurdr und nur andcre Studien zitierl wur- 
dm odrr drr von Schmidt angrgebene Zutammen- 
hang nicht 1 pfunden wurdc. Untersuchungen. die zu 
emer „kUren“ A image kommen, sind nicht lekht 
durchfuhrbar. Schon die Beriicktichiigung derimter* 
Khiedlichen tozialen Stellung der Eltera, det Wobn- 
vcrhaltniaic, der genetitchen Pridiapoaition new. naa- 
chm die Beurteilung do Holierten Faktors Jwiv 
sauchen** nahezu unmoglieh. Dafi nach der notwen- 
digen Siandarditierung die Lungmfunktionipassrw 
rauchender Kinder nicht ringrschrlnkt bt, llfit ebeta- 
faUs Zweifel an dem behaupteten Ziuanunenhang auf* 
Itommen (I I) 

\) Daft Paumauchen zu eiracr Beeintrlchtigung der Luo- 
pnfunktion fuhrt, wie White und Froeb (12) behaup- 
lert muB iptieatens seat der Mitieilung von Ccetomx/k 
(13) fiber Riming und Organisation der angefuhrten 
Siwdie all vottig unbewieaen angesehen werden; die 
Arbeit von WJUte und Froeb hat nSmlkh keinm An- 
spruch, whicnachaftlich eriutgenommen zu werden. 

c) DjB nach Hitler (14) nicht raochende Ehefrauen von 
Rauchem im Durchachniti vier Jahre friPter sterbm 
ab Ntchtrauchrranncn. die mit Nichttauchem vertaei- 
raiet sind. bt in Deuitchland nur bei dem _Arzt* 
liclien Arbeitakrtis Rauchen und CesundheH” euf 
Zuatimmung geuofien. Wiaaenachafltern to von An- 
fang an bekannt geweten. daft die Berechnung von 
Milter gegm die fundamcntalen Rcgein der St a tin A 
versto6t (IS). 


455 


dl Wet sich rinen Eindruck von det Writ igkeil der At- 
beiten von //raiwu (IA| und Trirhnpimhn rial. 

(17) venchaffen will, iear das Interview mit Itiravmu 
und den Kommcniar von Lehnert in der MMW (Ig). 

Er wird foutrilen mGssen, daft die bciden Untersu- 
chungeit emidaeidende Sch wachstellen aufwe iaen. 

■ire Ergebniuc kbunen deshalb cinen Zuaammcnhang 
zwisdaen Lungenkreba und Passvmudien wedcr betta- 
tigen noch vemeinen. Im ubrigrn Hilt auf, dafi Schmitt 
(3) nur lUnytma und Trichopoulut zitien, nicht aber 
mf die Arbeiten von Cerfinkei (19) und Chen (20) 
eingeht. dcien Ergebniue nichl firr cinen Zuummen- 
hang zwisdaen Pusinauchen und Lungenkrebs apre* 
dam. Der glnchrn Meinung at auch der New Yorker 
Epidemiuluge tender (21): 

^Nebenstremrauch enthllt zwar die glei* 
dacn tumorgmen Subatanzen wie der 
Hauptsuomrauch, Messunpn faa Riumm * 
zeigen jedoch, dafi die inhatierbaren Men- a 

gen; insbesottderc der Substanzen der r 

Partiktlphaie. nicht auareichcn wurden. 
urn cine kanzerogene Belastung darxu- 
stdlen 

Zuummenfasiend kommt Ida zu foJgrradtr Beurteilung: 

Die Gesuiadheitssehidlichkeil det Raudiens debt aufier 
Zweifel. Devon msphend auf die Gesundheituekldlida- 
keit do Pasamauchena adalicBen zu wofkn, hatlc kh un- 
tcr Btruckaichtigung der DosiswirkungsveThlltniae fur 
nkht mfiglich. Gcnau dies sdaeint:aber zu godaehen, 
da wnaenachaftliche Arbeiten, die cinen Zusammcnharig 
zwiichen Cesundheitssehiden und Passinauchen bewen 
am. nicht voriiepn; denn entgegen der Bchauptung von 
Schmidt sind tiercxperimentelle Untemichungcn xum The- 
ma Passhraudaen bit heute nirgendwo auf der Welt pu- 
'blizkrt worden. Die Arbeiten von White und Froeb (12). 

J WBer (14). Hnyerm (Id) und Trkhopouku et a). 07) * 
haitm einer wbtensdaafllidam Kriiik nichl stand: 

Trotzdcm endaeint mb die Fordervng. dm Nichtraudaer- 
idautz zu vcmirken, durduus ventlndlieh. Sdilted* 

Kdagibt es gmug Mmadaen. die aich durch dat Paatmau- 
chm beUstigtTtihlen und die auf die Rueksichtnahme der 
Rauchet mandamat umsonst warten. E» gibt daniber bm* 
aus das Problem, dafi Paaarniucher kanzerogenen Substan¬ 
zen ausgesetzt sind und da& ffir diesc Schwellenwerte. nicht: 
ugtpbtn werdrn kdnnen. Mir Betlt sidf nur die Frege, 
ob all diet auveichen Lena, am rtgulalhrc MaBnahmcn 
mil all Bum Folgrn fiir untere Geaellachaft zu ergteifm. 
SchlicBlich fa Pastivrauchm nur me von vtelen Be la at a 
gungen. und tchliefilida kommen in wracter Urnwcli fiher- 
■H kanzerogene Substanzen in Miiumalkoiumtrationen 
vor. mit denm der Mentch tea Lsuf xbaer Ontogencte q 
offmtichtlich zu kbm grfemt haL 

Meinet Erachtent naufi unaere Godlkhafi enttchcklen. oh CO 
Be dat Rauchm in der OfTmilidakeM einte aduank i habm CO 
wBL Dietc Enltcheidung wtel aher cine Information vor- GO 
wv die nicht emteilig manipulicn bt. aondern der Rcali- O 
lit gerecht wird. Auch die Frage nach den Folgen enact 
Baatlichen EingriTTs muB gesteDt werden. Welche weiteren fA 
mmtdalichm Verhaltmtwebm mufiien in gleichcr Weoc 
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• 

| «rir das RmcVi trpiWfl «wrd«? Vic weM mi aoiche 
Maduhmeti dew Butgct ctnet fieien CcteDtchafl aowa » 
* iri»? Aacfc mm tiiuelne Aulmen vrie Schmidt (3) wad 
Ktmmrr (4) web bcirm daTui cntachiedtn habea, Id) 
SOgert. 
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Concentration of Dimethyinitrosamine in the 
Air of Smoke-Filled Rooms 

G. Stehuk, O. Richter, and H. Altmann 


Ktctt*td Ftbruary J, 1932 

In order tocvaluate ihe contribution of volatile nitroaamine* from tobacco smoke to indoor 
air pollution, A^nitroso-dimeihylamine (NDMA) and A'-nitroto-diethylamine (NDEA) were 
measured in indoor air under artificial and natural conditions. In controlled esperimems under 
caueme conditions, we found that tobacco smoke-related NDMA levels above 0.07 ag/litcr 
were associated with a highly irritating atmosphere which was scarcely tolerable to those present 
In amoke-lUIcd rooms under natural conditions NDMA levels ranged from 0.02 to 0.05 ng/ 
iter, cacept a minimum value of <0.01 ng/liier in a restaurant and a maximum of 0.07 ng/ 
Bier in a dancing bar. These NDMA levels arc thus below comparable values reported by 
others. The NDMA/NDEA ratios found in air samples taken from some rooms under con¬ 
ditions of everyday fife are quite different from those found in sidestream smoke of cigarettes. 
Irritation was not reported under natural conditions. From the results it is concluded that 
NDMA levels, measured under real life conditions, are usually not caused by tobacco smoke 
alone. Evidence for other sources of volatile nitrosamincs is discussed. 


.. INTRODUCTION 

In 1977 the occurrence of volatile nitrosamines in sidestream smoke of cigarettes 
was reported (Brunnemann era/., 1977) In 1978 Brunnemann et al. and Brunne- 
mann and Hoffmann published measurements of NDMA concentrations in samples 
of air taken from smoke-filled rooms under natural conditions. They reported 
NDMA levels ranging from <0.003 to 0.13 ng/ltter and an extreme value of 0-24 
ng/liter in. air from a bar. The authors relate this NDMA concentration to the 
cigarette smoke burden of the room. 

In order to relate the irritating effect of cigarette smoke with the NDMA indoor 
air level due to tobacco smoke, a number of experiments were performed under 
artificial conditions. The subjects were questioned about their physical state in this 
series of studies. For comparison, some measurements under natural conditions 
were also carried lout 


MATERIALS AND METHODS 

The chemicals used were of analytical grade (Merck, Darmstadt). Methylene chlo¬ 
ride was distilled in a glass column before use. NDMA and NDEA were obtained 
from Eastman Kodak. The sampling was done using Miner pumps (MSA, Monitaire 
Samples) and two liquid traps (Wenheim washing flasks) each filled with 75 ml of 
a solution of 1 M citrate phosphate (pH 4.5) buffer/ascorbic acid (1.79 g) (Brun¬ 
nemann et a/„ 1977). The cleanup of the nitrosamine/buffer solution (Brunnemann 
ft of., 1977) as well as the confirmation by uv (Krull et al-, 1979) of the nitrosamine 
values was performed according to the literature. The recovery rate was assumed 

495 0147-6513/11/060*95-06502.00/0 
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to be 80% in all cases. The values determined were corrected appropriately (Stehlik 
et a/., 1982). 

The nitrosamines were analyzed by GC and determined by thermal energy an* 
alyzex (TEA). The following instruments were used under the indicated conditions. 


Varian 3700/TEA-502 (Integrator Autolab 0) 

Oven temperature program: 60*0— 1 Q # /™b—160*C 

Injector temperature: 250*C 

Carriergas: Helium, 25 cm’/Qtin 

Separation column: Glass, 1.5 m X 1.75 mm LtL, 5% Ucon 50-HB- 

660 in Chromosorb W 120/140, pretreated 
according to Daniewsky and Aue (1978) 


Hp 5710/TEA-502 (Integrator HP 3380A) 

Oven temperature: 170*C, isotherm 

Injector temperature: 220*C 

Carriergas: Helium, 35 cmVmin 

Separation column: Glass, 3.5 m x 2 mm i.(L, 10% Carbowax 20 M- 

TPA on Supelcoport 100/120; 


The CO concentration was determined with am ir analyzer Miran 80 (Wilksl. 

In the experiments performed under artificial conditions, with no persons present 
in the room, blank values for NDMA and NDEA in the indoor air were determined 
before suning the experiment. The concentrations for both nitrosmines were below 
the detection limit of 0.01 ng/liter. 


RESULTS 


A nificial Conditions 

The smokers present in the room were asked to smoke as much as possible. Doors 
and windows were predominantly kept closed during the experiment. For experi¬ 
ments 2 to 6, sampling was carried out during the 2-hr. smoking period. For ex¬ 
periment 1 sampling was continued for an additional hour after the smoking period. 
For experiment 7 sampling was carried out during the 1-hr smoking period and for 
2 hr afterward. The results are summarized in Table 1. 

Natural Conditions 

For these experiments, the smoking behavior of the persons present was not 
influenced in any way. Sampling was carried out without knowledge of those present. 
People could leave the room and open doors and windows as they wished. The 
results are summarized in Table 2. 


DISCUSSION 

Although our results and those of earlier investigations (Brunnemann et aL 1977: 
Brunnemann et al., 1978; Brunnemann and Hoffmann, 1978): show that volatile 
nitrosamines are detectable in indoor air, an estimation of the contnbution cf side- 
' stream smoke cannot be given with the data available. B runnem ann et al '1975* 
and Brunnemann and Hofmann (1978) reported an NDMA level of 0:24 zg/Iiter 
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TABLE I 


Measurements under Artifktai. Conditions 


Expt 

Room 

site 

(m‘) 

Type of 
room 

Number of 
persons 
present 

Tobacco 

products 

consumed 

Air volume 
collected 

0) 

NDMA 

(ne/i> 

NOI-A 

("B/0 

CO 

(ppm) 

Remarks 

i 

43 

Conference 

room 

II 

64 cig. in 2 hr 

571.4 

007 

b.d.* 

n.m * 

Windows and doors were kept closed 
during the time of sampling/ 

2 

22 

Office 

3 

35 cig. in 2 hr 

600 

0.13 . 

bd. 

15* 

Windows and doors were not opened 

3 

22 

OH»ce 

3 

36 cig. in 2 hr 

600 

0.15 

b.d. 

16* 

during the experiment/ 

4 

22 

Office 

3 

28 cig. in 2 hr 

600 

0.08 

b.d. 

n.m. 

Windows were kept closed, the door 
was shortly opened* lo four times 
during the experiment' 

5 

22 

Office 

2 

12 cig. in 2 hr 

600 

0.02 

0.01 

8* 

6 

46 

Office 

7 

18 cig., 4 pipes 
in 2 hr 

600 

008 

b.d. 

8* 

Windows were kept closed, the door % 
was opened once for a short lime/ 

7 

43 

Conference 

room 

10 

40 cig. in 1 hr 

617.1 

0.022 

b.d. 

n.m. 

Windows were kept closed, the door 
was opened several limes/ 


*h.d. * Mow dcifctiofi limit of 001 tig/liter. 

1 n.m. • not measured. 

* Reported irritation: very strong beyond tolerance limit. 

4 Maaimum value. * 

f Reported irritation: none. 

f Indicated irritation: very strong after I Hr beyond Idcrance limit; at this time the door was opened for the ftnl time. 
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TABLE 2 


\o 

oo 


MtiASUHIiMtHT ttNDTR NaIIJRaI. CONDITIONS. 


Eftpl 

Room 

size 

(m*) 

Type of room 

Number of 
persons 
present 

Tobacco products 
consumed 

Air volume 
collected 
(1) 

NOMA 

(ng/l) 

NDEA 

(ng/l) 

CO 

(ppm) 

Remarks 

i 

207 

Working room 

7 

Continuous smoking 
<2 hr) 

411.4* 

367.4 

0.023 

0.024 

b.d* 

b.d. 

n.d/ 

n.d. 

Windows were kept closed, doors 
were opened several times 

9 

301 

Conference room 

13 

26 cig., 1 pipe, 6 
cigarillos (2 hr) 

411.4 

367.4* 

0.029 

0.033 

b.d. 

b.d 

n.d. 

n.d. 

Door was opened three times for 
a short time. 

10 

70 

Office 

6 

27 cig. in 2 hr 

600 

003 

0.03 

9* 

Windows were kept closed, door 
was opened once. 

II 

30 

Small conference 
room 

12 

37 cig., 4 pipes, 3 
cigars (2 hr) 

600 

0.02 

0.02 

n.d. 

Doors and windows were 
kept closed 

12 

120 

Suburban restaurant 

20 

20-30 cig., 2 pipes 
(2 hr) 

200 

b.d. 

b.d. 

n.d. 


13 

160 

Restaurant in Vienna 

23 

20 cig. (1 hr) 

207 

0.01 

b.d. 

n.d. 


14 

180 

Restaurant in Vienna 
(lleuriger) 

23 

23-30 cig. (1 hr) 

207 

0.04 

b.d. 

n.d. 

i neve was a wooo-uummg gnvi in 
the room with little smoke 
formation. 

J 5 

160 

Restaurant in Vienna 

23 

13-20 cig. (1 hr) 

207 

0.05* 

b.d. 

n.d. 


r 

320 

Dancing bar 

30-70 

Not to he determined, 
4 hr collected 

1200 

0.07 

0.2 

n.d. 

Room very smoky/ 


• Ihcic wlmi ftfcf lo samples from iwo sampling vnils which were analysed scpirilcty. 
*b.d. • bchw ilcicdHH) limit of 0.01 ng/l. 

* n«l. • iwl determined. 

4 Muimvm value. 

9 No indication of irritation was reported. 

6Tt’08Ceg02 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


STEHUK, lUi 





• ‘ r» , 


CONCENTRATION of ndma in the AIR 499 

a bar, which was allegedly due to tobacco smoke. In our experiments under 
irrifiril conditions (experiments 1-7), in which the persons were asked to smoke 
zb: maximum amount of tobacco products possible, the maximum value found was 
0.15 t; NDMA/liter (experiment 3). The exposure conditions in these experiments 
* experiments 1-4 and 6) could seldom be found under normal living and oceupa- 
ronal conditions. All the subjects concurred that they normally would have left the 
room long before the end of the experiment or opened windows and doors. As 
shown by experiment 4 (versus experiments 2 and 3) a short opening of the door 
lead to a drastic reduction of the NDMA concentration, even after heavy smoking. 

Our measurements is smoke-filled rooms under natural conditions revealed 
NDMA levels normally between 0:02 and 0.05 ng/liier except a minimum value 
sf <0.01 ng/liter for a restaurant and a maximum value of 0,07 ng/liter for a dancing 
bar. These levels are clbarly below comparable values of Bninnemann et al. (1978) 
and Bmnneroann and Hoffmann (1978), who reported NDMA levels ranging from 
0.01 to 0.13 Mg/m* and an extreme value of 0.24 ng/liter for a bar. The unlikeliness 
of an NDMA level of 0.24 ng/liter being caused by tobacco smoke alone is obvious 
because imitation would have become intolerable. 

According to analytical results of Brunnemann et al. (1980) and our own (1982), 
as well as measurements of irritating effects done by Weber et al. (1976), the limit 
of tolerance would'be indicated theoretically by an NDMA level of 0.03-0.07 ng/ 
bier caused by smoking alone, a range found for 23 different types of cigarettes. 
Further evidence for NDMA sources other than tobacco smoke appears when taking 
into consideration the NDMA/NDEA ratios: Data from the literature (Brunnemann 
ei aL, 1977; 1980) as well as from our own investigations (1982) show that NDMA 
; -s present in the sidestream smoke of cigarettes, whereas NDEA, if any, is only 
tenable in negligible amounts, The amounts of NDEA found in a dancing bar 
.uJ Bgliter, experiment 16) and in an office (0:03 ng/liter, experiment 10) are 
-therefore, in our opinion, strong evidence for other sources of volatile nitrosamines 
is indoor air pollution. 

Possibly pan of the nitrosamines in indoor air may come from the outdoor 
atmosphere. Diesel engines (Yanysheva et aL, 1981; Goff ei al., 1980) as well as 
certain industries (Fine et al., 1976; Fajen et al., 1981) have been identified as 
nitrosamine emitters. Investigations by Fine et al. (1979) also show that rubber and 
leather products may contaminate indoor air with nitrosamines. Finally the NO> 
and NO concentration in the air is of importance for the formation of nitrosamines 
in the gas phase. Possible sources of nitric oxides are gas burners (Puxbaum, 1978; 
Yamaaaka et al., 1979) and unvented heaters (Nitta et al., 1980). 

The discrepancies in the available data on the nitrosamine burden of indoor air 
stake evident the need for further investigations on this object. To get a more 
complete view of nitrosamine contamination, sources other than tobacco smoke 
have to be considered as well. To achieve this, one should refer to specific markers 
of eminants to clearly identify the sources. 
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NITROGEN DIOXIDE CONCENTRATIONS IN RESIDENCES 
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ABSTRACT 

FO 2 concentrations were measured in kitchens and living rooms 
in * representative number of Zagreb homes. Possible influence on 
concentration levels of gas usage, the number of household mem¬ 
bers, their smoking habits, kitchen and living room volume, as 
well as their possible seasonal dependence, were investigated* 

OTBOOTCTICN 

Hitrogen dioxide (NO 2 ) is a by-product of high temperature 
combustion, and its main sources in ambient air are power genera¬ 
tion stations, automobiles and industrial processes. It is an in¬ 
tegral part of urban smog and plays a critical role in the com¬ 
plex of photochemical oxidant reactions (1). Main indoor NOp sour¬ 
ces are gas appliances, especially gas-cooking stoves. Peak values 
of KOp concentrations occur during, or just after the operation of 
a gas stove. A model developed by Sexton and co-workers (1) shows 
that penetration from outdoors accounts for about 60% of concern* 
trations, and that the average contribution from indoor sources, 
if they exist, equals about 45 jugnf ? in the homes they have inves¬ 
tigated. Personal exposure to HOp is highly correlated with indoor 
concentrations, which is attributable to the fact that people 
spend a high percentage of time indoors. Quackenboss and co-workers 

(2) showed a significant difference in indoor NQp concentrations 
between houses with gas appliances and those without them, as well 
as seasonal dependence of concentrations. Colome and co-workers 

(3) found that indoor HO 2 concentrations ranged from 45 to 100% of 
outdoor levels, and that outdoor concentrations explained 13-36% 
of the cross sectional variability in indoor concentrations. Again 
they showed that gas appliances contributed significantly to in¬ 
creased indoor concentrations. 

A pilot study performed by Byan and co-workers (4) in a Boston 
residential area showed higher BO 2 concentrations in homes with 
gas appliances than outdoors or in homes using only electricity. 
Those latter homes had lower concentration levels compared to out* 
door levels. Concentrations measured in kitchens were higher than 
in living rooms, for both groups. In gas using households the 
main reason for this was a gas stove in the kitchen and in other 



202338042 








rw.vyw.-t:*- ■ ■?•. 


i 


hoses that could have been a consequence of higher kitchen venti- 
letion rates bringing in polluted outdoor air. Baker and co-wor¬ 
kers (5) seasured NOg concentrations in kitchens, bedrooms and 
outside of homes:. They showed the impact of indoor sources, as 
well as the importance of improper installation, misuse, or inap¬ 
propriate operation of gas appliances. At this Institute Paukovid 
(6) investigated concentration levels of nitrogen oxides in am¬ 
bient air, and their daily end seasonal rhythms. Bhe found no si¬ 
gnificant seasonal difference in NQ 2 levels against NO levels 
which were considerably higher in winter. 

This paper deals with the results of a survey conducted in a 
representative number of Zagreb households. The aim of the survey 
was to examine BOp levels in Zagreb homes, to establish their re¬ 
lationship to a gas source, to the number of household members 
and to their smoking habits, and to determine their seasonal de¬ 
pendence. 

EXPERIMENTAL PROCEDURE 


KO 2 concentrations were measured in kitchens and living rooms 
of 66 Zagreb homes in winter and in 60 of these homes in the sum¬ 
mer season. Household locations were spread all over the town and 
chosen randomly. Data on household members, their smoking habits, 
type of energent used for space heating and cooking, volumes of 
kitchens and living rooms were collected by use of a questionna¬ 
ire. Measurements were performed with modified BOp passive sam¬ 
plers developed and' tested at this Institute (?)• Samplers were 
exposed to indoor concentrations for one week in each season. 

RESULTS AND DISCUSSION 

Table 1 shows the arithmetic mean, median, minimum and 1 maximum 
concentrations and the concentrations which are not exceeded by 
9556 of the concentrations measured in the kitchens and living 
rooms for both sampling periods. Results for households with gas 
appliances and without them are shown separately. The households 
with gas appliances are placed in two subgroups, the ones connec¬ 
ted to a gas pipeline and the others using gas cylinders. As the 
concentration distribution is asymmetric, the median tends to be 
more representative than the arithmetic mean. Table 2 shows the 
results of testing the significance of difference in concentration 
levels between different household groups for the winter and sum¬ 
mer periods. A significant increase in concentration levels is 
noticeable in gas using households. There was no difference in K0 2 
concentration levels between households connected to a gas pipeli¬ 
ne and those using gas cylinders, except in kitchens in winter, 
when concentrations were significantly higher in households con¬ 
nected to gas pipelines. Concentrations in living rooms were hig¬ 
her too, but the difference cannot be considered significant. Kim 
(S) found different NOp concentrations in households using liquid 
gas and those using natural gas, especially in kitchens, but the 
difference was in the opposite direction compared to our findings. 
Significant correlations for all types of households, for winter 
and summer were found' between KOp concentrations in kitchens and 1 
living rooms. Concentrations in living rooms tended to be lower 
indicating that the main N0 2 source might be located in the 
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kitchen. In winter, in households connected to gas pipelines a 
correlation was established between NO 2 concentrations in the 
kitchen and the number of household members and in summer time 
such correlation was found both in kitchens and living rooms. In 
households which used gas cylinders correlation did 1 not exist. 

Correlations between KO 2 concentration on the one hand and 
the number of smokers, the number of cigarettes smoked at home 
and kitchen and living room volumes, on the other were not found. 
Bo significant seasonal difference in NO 2 concentration levels 
was found for any type of household). 

CONCLUSIONS 


BO 2 levels in Zagreb homes agree with the concentrations found 
in literature. 


Concentrations in kitchens and living rooms are highly correla¬ 
ted. 


In households using gas, concentrations in kitchens are signi¬ 
ficantly higher than in living rooms; meal preparation la thus 
concluded to he the main source of BOg in those households. 


- Bo significant difference in BOp concentration levels was found 
between houeeholds using natural gas and those using gas cylin¬ 
ders , except for the winter period when concentrations were 
higher in the kitchens where natural gas was used!. 


Bo significant seasonal differences in indoor BO 2 concentration 
levels were found. 


There is a correlation between the number of household members 
and K ©2 concentration levels in households using;natural gas. 

There is no correlation between the number of smokers or Abe 
number of cigarettes smoked and B-Og concentrations. 

There is no correlation between the kitchen or living room vo¬ 
lume and indoor KOp concentrations. 
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EFFECT OF CIGARETTE SMOKING ON 
RESIDENTIAL N0 2 LEVELS 


Bennie W. Goodl G. Vilcins, W. R. Harvey, D. A. Clabo. Jr . and A. L. Lewis 

Philip Morris, Inc...Research and Development, P.O. Box 26583, Richmond, Virginia 23261; USA 


Two m+t r evaluMinj th« levels and sources of nitrogen dioxide in approximately 90 employee homes in 
the Richmond area with continuous sampling during the weeks of August 5,19*0, and February 9,19*1. 
were performed I using samplers in the living room, bedroom, kitchen, and outdoors. Additional data 
were collected concerning appliance usage, heating/cooling plant, ventilation and cigarette smoking; 
Results were analyzed using BMDP routines. The largest contributor to NO* concentration was found to 
be gas-fired kitchen appliances. The mean kitchen level for homes with gas appliances during the winter 
study was -1*8 ng/mt. Excluding participants with gas kitchens; incremental influence due to cigarette 
smoking was detected. The 7-day, Jiroorn average level of NO, in the homes of nonsmokers and smokers 
without gas-fired appliances was 12 and 15 ag/m*. respectively, in the summer. The corresponding winter 
values were I9 and 22 ng/m*. Furthermore, the individual levels of NO, in the homes of smokers were 
generally below both the adjacent outdoor level and the National Ambient Air Quality Standard limit for 
annual exposure. 


introduction 

With i Americans spending more than 90V* of their time 
indoors, and with the move toward greater energy sav¬ 
ings and thereby tighter residences and workplaces, 
there has been an increased emphasis on monitoring the 
level* of indoor air contaminants and correlating the 
levels with a variety of sources (Budiansky, 1980). 

Nitrogen dioxide is corrosive, reactive and highly ox¬ 
idizing, and may be toxic at high concentrations (Hueter 
etal., 1973). Its.half-life indoors is less than Vi that of 
CO (Wade etaL, 1975). Experiments at Philip Morris 
and elsewhere show that NO, results from oxidation of 
nitric oxide in aging cigarette smoke (Norman and 
Keith, 1965; Barkemeyer and Seehofer, 1968; Sloane 
and Kiefer, 1969;, Vilcins and Lephardt, 1965). 

Inalmost all published studies, a strong correlation 
has been shown between NO, levels and the presence 
and operation of: gas cooking appliances (Spengler et 
aL, I5>79;. Hollowell, Budnitz and Traynor, 1977; 
Hollowell et ah, 1979; Eaton et ah., 1973). Although it is 
thought that cigarette smoking contributes to the NO, 
level, few researchers have demonstrated that relation- 
ship (Kasuga et aL, 1979; Weber and Fischer, 1980; 
Meyer et at., 1981; Goldstein et at 1979). 

Weber, and Fischer (1980) investigated air pollution 


due to tobacco smoke in 44 workrooms. The contribu¬ 
tion to the level of NO, from smoking was claimed to be 
45 Mg/m’; more precisely, the measurement was the dif¬ 
ference in NO, level between the unoccupied rooms at 
4 to 6 a.m. and the occupied rooms. Since no room was 
totally free of smoke, it is difficult to assess the smoking 
contribution to the NO, level. The difference in levels of 
nicotine between unoccupied and occupied rooms was 
also measured; the results suggest only a +0.36 correla¬ 
tion with the corresponding NO, value, which questions 
how much of the 45 pg/m* is actually due to tobacco 
smoking. Weber and Fischer did not take into account 
the diurnal patterns of NO, (Hueter et al., 1973). NO,i 
is at minimum concentrations during nondaylight hours. 
As human activity, especially automobile traffic, in¬ 
creases in the hours just after dawn, the concentration' 
of the primary contaminant, NO, increases. Then, as 
the ultraviolet energy from the sun becomes available,, 
the NO, concentration increases (Hueter et at., 1973). 

A study by Goldstein et at. (1979) claims that each 
cigarette smoker in the home adds 16 yf/m * of NO,. 
However, their additive model is not well described and 
not without its own inconsistencies. For example, the 
same study reports a 62 >g/m’ reduction in NO, for 
each flueless gas Tire and 22>g/m* reduction for each 
kerosene heater. 
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Fig. 1. Labels with interkaved two-of-ftve barcode fonnat used for 
sample tube identification. 

The purpose of the present study was to measure the 
contribution of cigarette smoking to the NOi level in 
homes. Unfortunately, a true paired comparison be* 
tween homes with and without cigarette smoking was 
difficult. Rather, volunteers were solicited from among 
our employees for participation, giving almost equal 
numbers of smokers and nonsmokers. 

Sampling, which was performed using the Palmes 
personal sampler (Palmes et al., 1976; Porter, 1981) for 
a 7-day average, was simple and inexpensive to perform 
for a large study. Sample analysis was further auto¬ 
mated by using an AutoAnalyzer for determining the 
NOj concentration and a MINC-11 microcomputer for 


rut tit*, ■i/iiii 



Fig. 2. AutoAnalyzer II configuration for the determination of NO,. 
Asterisk denotes Technicon part number. 


Table IL Details of BMDP file. (Units: a ■ number of days used; 
b ■ 1 if present, 0 if absent; c ■ absolute number of people; 
d ■ cigarettes smoked per week; e • a*/m*). 

Variable Description Units 

1-2 Name of participant 

3 Baseboard electric beat a 

4 Forced hot ail—electric a 


Table !l (Continued) 


Variable 

Description 

Units 

5 

Electric heat pump 

a 

6 

Kerosene space heater 

a 

7 

Forced hot air-gas 

• 

8 

Hot water radiator^gas 

• 

9 

Forced hot air-oil 

a 

10 

Hoc water radiator—oil 

a 

11 

Open fireplace 

a 

12 

Fireplace with glass doors 

a 

13 

Free-standing wood stove 

a 

14 

Wood stove insert 

a 

13 

Electric oven-summer 

a 

16 

Gas oven-summer 

a 

17 

Microwave oven-summer 

a 

18 

Electric range-summer 

a 

19 

Gas range-summer 

a 

20 

Kitchen vent to outdoors- summer 

a 

21 

Kitchen vent to indoors—summer 

a 

22 

Electric water heater 

b 

23 

Gas water heater 

b 

24 

Oil water heater 

b 

25 

Electric oven—winter 


26 

Gas oven-winter 

a 

27 

Microwave oven -winter 

a 

28 

Electric range-winter 

a 

29 

Gas range—winter 

a 

30 

Kitchen vent to outdoors-winter 

a 

31 

Kitchen vent to indoor*-winter 

a 

32 

Central air conditioning 

a 

33 

Window air conditioner 

a 

34 

Attic fan 

a 

35 

Ceiling or window fan 

a 

36 

Auxiliary kitchen fan 

a 

37 

Number of smokers in home-summer 

c 

38 

Number of nonsmokers in home- summer 

c 

39 

Number of cigarettes smoked-summer 

d 

40 

Number of smokers in home-winter 

c 

41 

Number of nonsmokers in home-winter 

c 

42 

Number of cigarettes smoked -winter 

d 

43 

NO) living room-summer 

e 

44 

NOi bedroom-summer 

e 

45 

NO) kitchen-summer 

e 

46 

NO) outdoors—summer 

e 

47 

NO) living room-winter 

e 

48 

NOi bedroom-winter 

e 

49 

NO) kitchen- winter 

e 

50 

NO) outdoors-winter 

e 

51 

Ratio NOi LR/outside-winter 


32 

Ratio NO) BR/outside^ winter 


53 

Ratio NO) kitchen/outtide-winter 


54 

Difference NO) LR — outside-winter 


55 

Difference NO* BR - outside-winter 


56 

Difference NOi kitchen - outside-winter 


57 

3-room ratio average i- winter 


58 

3-room difference average ^winter 


59 

Ratio NO) LR/outside-summer 


60 

Ratio NOi BR/outsidc—summer 


61 

Ratio NO) kilchen/outside—summer 


62 

Difference NO> LR - outside-summer 


63 

Difference NO) BR - outside—summer 


64 

Difference NO) kitchen - outside-summer 


65 

3-room ratio average - summer 


66 

3-room difference average-summer 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Table 2. Mean NOi levels in gg/tn* in homes with gas vs. electric 
kitchen appliances, comparing smokers vs. oonsmokers. 


Kitchen 


Living Room 

Bedroom 

Summer 

Winter 

Summer 

Winter 

Summer 

Winter 

Electric 15.6 

(>20 cigarettes) 

21.3 

16.5 

23.5 

14.0 

21.3 

Gas 76.3 

<>20 cigarettes) 

156.6 

669 

1122 

48.4 

96.4 

Electric HU 

(5 20 cigarettes) 

20.3 

12.4 

19.6 

10.7 

17.5 

Gas 87.0 

(i 20 cigarettes) 

219:6 

47.1 

117.4 

38.7 

97J 


et at. (1981). The 12 tubes were tied together in groups 
of three for sampling principal areas in the home: living 
room, bedroom, kitchen, and outdoors. Each indi¬ 
vidual tube was labeled by sample number, location, 
and participant name. The sample number was also 
written as an Interleaved Two-of-Five bar: code (Inter¬ 
face Mechanisms, Inc., Lynwood, WA) in order to 
facilitate acquiring and processing the data (Fig. 1); Ad¬ 
ditional tubes were prepared and labeled as blanks. 
These tubes remained closed in the lab during the sam- 


direct data collection and analysis. The majority of the 
data analysis, however, was performed on a host DEC- 
SYSTEM 20/60 using statistical routines from BMDP 
(Biomedical Computer Programs P-Series, Berkeley, 
CA). 

Experimental 1 

A set of 12 sample tubes was prepared for each par¬ 
ticipant in the manner described in detail by Palmes 


Table 3. BMDP 3D results comparing NO, levels (pg/m’) of smokers and nonsmoken without 
gas kitchen appliances. Pis the probability of the observed difference in group means under 
the hypothesis that smoking has no effect on NOi levels. 


Summer Winter 


Nonsmoker Smoker Nonsmoker Smoker 


Living room 


Mean 

12.4 

16.5 

17.5 

21.3 

Sid. dev. 

14.3 

105 

8.4 

111.5 

Samplesize 

54 

38 

49 

38 

Maximum 

86.5 

40.8 

36.6 

49,6 

Minimum 

-2.5 

-04 

5.7 

-1.6 


P- 0.13 


P * 0.09 


Bedroom 





Mean 

10.7 

14.0 

20.3 

21.3 

Sid. dev. 

11.7 

9.4 

9.3 

11.1 

Samplesize 

54 

38 

50 

38 

Maximum 

66 9 

42.7 

57.1! 

54.3 

Minimum 

-2.7 

-0.6 

3.3 

1.4 


P m 0.16 


P » 0.64 


Kitchen 





Mean 

11.8 

13.6 

19.6 

23.5 

Std. dev. 

12.5 

10.0 

82 

132 

Sample size 

54 

38 

49 

38 

Maximum 

72.0 

44.7 

44.5 

65.6 

Minimum 

-3.4 

0.5 

3.7 

1.4 


P « 0.12 


P- 0.12 


Outside 





Mean 

21.3 

22.6 

52.3 

50.0 

Std. dev. 

13.9 

11.6 

18.9 

20.7 

Samplesize 

54 

38 

48 

35 

Maximum 

70.5 

34,5 

99.9 

91J 

Minimum 

1.1; 

6.3 

11.7 

8.9 


P- 0.64 


P» 0.62 




Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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pling period. Participants were also given a log sheet to 
record the use of specific appliances, heating or cooling 
plant, and ventilation resources, as well as the number 
of cigarettes smoked in the home during the 7-day 
sampling period. 

Following the 7 days, sample tubes were mixed with 
the blank tubes and analyzed in random order, to 
distribute possible systematic error in the analytical pro¬ 
cedure among the samples. The bar codes eased data en¬ 
try of the then random samples. 

A Technicon AutoAnalyzer II system (Technicon 
Corp., Tarrytown, NY) was designed for the semiauto¬ 
matic analysis of the NOa trapped on the triethanol¬ 
amine coated grids. The sample tubes were extracted 
with deionized water and the extract submitted to the 
AutoAnalyzer. The analyzer was calibrated to measure 
NOa as nitrite colorimetrically via reaction with a 
sulfanilamide reagent (10 parts) and M(1-naphthyl) 
ethylenediamine dihydrochloride (1 part) (Fig. 2). The 


reagent and five sodium nitrite standards were prepared 
daily, A DEC MINC-11/03 microcomputer (Digital 
Equipment Corp., Maynards MA) was used to acquire 
and process the data, An Intermec Model 9300 bar code 
reader (Interface Mechanisms; Inc., Lynwood, WA) 
was connected to an ASCII port of the MINC to pro¬ 
vide an alternative to typing the individual sample 
numbers. The sampling cam on the AutoAnalyzer, 
selected to give 1 sample/min, provided the time syn¬ 
chronization. The acquisition program, as well as a pro¬ 
gram that standardized peak heights and converted 
heights into ng of NOj per mL, were written in. MINC 
BASIC. Following completion of the two programs, all 
sample identification numbers and their NOa values 
were transmitted to a 1 DECSYSTEM 20/60 (Digital 
Equipment Corp., Maynard; MA) over OTKS-232-C 
communication link. 

Individual values were averaged for the same loca¬ 
tion. Final results were transcribed into a file compati- 
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ble for BMDP input: Table 1 gives a detailed description tract trends from the data which may result from ciga- 
of the data contained for each case, including the results rette smoking, 
of the logs provided by the participants and various 
mathematical transformations of the NO* results. 

Table 5. Description of population for summer study. 


Results and Discussion 

There were three objectives in the analysis of the 
survey: (l)to identify the sources of nitrogen dioxide in 
die home, (2) to quantify these sources, and (3) to ex* 


Table 4. Geographical distribution of population. 

Smokers Nonsmokers 



Summer 

Winter 

Summer 

Winter 

Urban 


6% 

7% 

6% 

Suburban 

$4% 

SOW 

72% 

77% 

Rural: 

1 % 

15% 

20% 

17% 


Smokers Nonsmoken 


Number of participants 

31 

54 

Mean no. of cigarettes smoked 

115 

2 

Average no. nonsmokers in home 

2.2 

2.7 

Average no. smokers in home 

1.3 

0j3 

% use of window AC 

29% 

21% 

% use of central air 

51% 

57% 

% oil water beater 

16% 

6% 

% gas water heater 

16% 

13% 

% electric water heater 

61% 

11 % 

% kitchen vent-in 

1 % 

15% 

% kitchen vent-out 

63% 

57% 

% electric range 

100%—^ 

93% 

% electric oven 

97% 

11 % 

% microwave oven 

24% 

11% 
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t-tests 

Using BMDP3D, which compares two groups by us¬ 
ing /-tests, the means of NO* levels for smokers versus 
nonsmokers were obtained. This simple step proved the 
importance of attempting to make the two groups as 
equivalent as possible in terms of appliances, ventilation, 
and outside NO, level, leaving cigarettes as the only in¬ 
dependent variable. Further comparisons between 
smokers and nonsmokers will classify a nonsmoker as 
one who smokes 20 cigarettes or less in the home during 
the 7-day period. 

An illustration of the smoking and nonsmoking par¬ 
ticipants being unpaired involved the use of gas-fired 
kitchen appliances. It happened that 8 participants with 
gas kitchen appliances smoked more than 20 cigarettes, 
while only 3 smoked 20 or less. It is dear from Table 2, 
which contrasts smokers versus nonsmokers for cases 
with gas-fired kitchen appliances, that gas appliances 
would dominate our comparison between smokers and 
nonsmokers. Therefore, if these 11 cases are omitted, 
one can make a more valid measurement between smok¬ 
ing and nonsmoking participants. It should be noted 
that a probable cause for the high kitchen level in the 
winter for gas-appliance users was that several of them 
used range burners as auxiliary heat, resulting in an 
unvented gas space heater. In these cases, the National 
Ambient Air Quality Standard (NAAQS) for annual ex¬ 
posure (U.S. EPA, 1971) of 100 /tg/m’ of NO* was ex¬ 
ceeded; although the level was substantially below the 
Threshold Limit Value (TLV) for an 8-h exposure of 
10,000 /ig/m* (American Conference of Governmental 
Industrial Hygienists, 1973). 

Table 3 summarizes the results of the comparison of 
smokers versus nonsmokers without gas-fired kitchen 
appliances. The 3-room average of NO* for nonsmokers 
and smokers is 11.6 and 13.4 j*g/m\ respectively, for 
the summer and l'9.1iand 22.0 jig/m 1 for the winter. The 
outdoor difference between the groups (smokers minus 
nonsmokers) is 1.3 pg/m’ in the summer and -2.3 


Table 6. Description of population for winter study. 



Smokers 

Nonsmokers 

No. of partidpants 

33 

40 

Mean no. of cigarettes smoked 

10(2 

2 

Avg. no. of honsmokers in home 

2,0 

2.7 

Avg. no. of smokers in home 

1,4 

0.2 

% electric heat 

339k 

40% 

% oil heat 

249k 

50% 

% gas heat 

U9k 

17% 

9k wood heat 

429k 

33% 

9k oil hot water heater 

1119k 

12% 

% gas hot water heater 

10% 

17% 

9k electric hot water heater 

719k 

94% 

9k kitchen verti^in 

39k 

12% 

% kitchen vent~otit 

619k 

54% 

% electric range 

1009k 

98% 

% electric oven 

979k 

100% 

9k microwave oven 

24% 

17% 


pg/m* in the winter; these differences are smaller than 
would be expected by chance. 

Figures 3 and 4 demonstrate the complexity of the 
comparison by showing the NO* distribution for the 
summer and winter, respectively. In all 1 indoor cases, 
the smoking curve is shifted slightly to the right, while 
the mean outdoor level appears similar for the two groups. 
These figures illustrate that the comparison may not be 
as easy to interpret as Table 3 might suggest. A more 
complete description of the population involved is in¬ 
cluded in Tables 4-6. 

Multiple linear regression analysis 

BMDP1R estimates a least-squares regression equa¬ 
tion between a dependent variable and one or more in¬ 
dependent variables. The dependent variable we selected 
was variable 66 from Table 1 for the summer and 58 for 


t SUMMER 



VENT CICS OUT KITE KITE KIR FW6 


VARIABLE 

b fINTER 



VENT CICS OUT ELEC CAS OIL WOO KITE KITE 

VARIABLE 

Fig. $. Linear regression analysis coefficient results (a) for the sum¬ 
mer and (b) for the winter. Dependent variables are: VEN T, kitchen 
venting to outdoors; CIGS. number of cigarettes smoked in the house: 
OUT, the outdoor NO, level; KITE, electric kitchen appliances; 
KITG, gas-fired kitchen appliances; AIR, air conditioning; FANS, at* 
tic, ceiling, or window fans; ELEC, electric heat; GAS, gas heat; OIL. 
oil heat; and WOOD, wood heat. Shaded coefficients designate sig* 
nificance greater than 9m. 


lismttisi 


Source: https://www.industrydocumeni 
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the winter, the average of each of the indoor measure¬ 
ments minus the outdoor level. Independent variables 
for both summer and winter included all electric ap¬ 
pliances, all gas-fired kitchen appliances, use of kitchen 
vent to the outside, outside NO» level; and the number 
of cigarettes smoked. Specific to the summer study, ad¬ 
ditional independent variables were air conditioning and 
ventilation. Winter specific independent variables were 
electric, gas, oil, and wood heat. All independent 
variables were standardized. The regression results are 
shown in Fig. 5 and detailed in Table 7. Coefficients 
with a level of significance less than 0.1 are shaded. The 
F gn< of die coefficients demonstrate either the contribu¬ 
tion to or removal of NO*, or the correlation with other 
variables for the cases in which the variables are not 
truly independent. The use of a kitchen vent to the out¬ 
side does seem to lower NO* levels, although the regres¬ 
sion coefficient has a level of significance greater than 
0.1. The larger vent coefficient in the summer versus the 
winter reflects the greater and, therefore, more effective 
use of vents in the summer. The outside air obviously 
provides a significant contribution to both studies; the 
outside air coefficient is negative because the dependent 
variabk is the indoor NO* level minus the outdoor. 
Since the indoor level is generally lower than the out- 
door, the dependent variables are generally negative; the 
outdoor regression coefficient seems to indicate protec¬ 
tion from the outside air which the house offers. 

The kitchen appliance regression coefficients il¬ 
lustrate that gas-fired appliances are the predominant 
term. The electric kitchen coefficient is negative, 
perhaps not due to its lowering of NO*, but because of 
its negative correlation with gas kitchens, iie., a home 
would generally have either one or the other. Air condi¬ 
tioners significantly clean the inside air, while fans. 


Table 7. BMDPIR results (multiple linear regression) for the 
summer and winter. All independent variables are standardized i 
Coefficients are depicted in Fig. 5. 



Variables 

Coefficients 

t 

J*2 Uil) 

Summer 

Intercept 

- 4.8 



jr-0.79 

Kitchen vent 

- Ill 

-1.0 

0.32 


Cigarettes 

2.8 

2.7 

0.01 


Outside 

- 3.5 

-4J 

0.00 


Electric kitchen 

- 3.0 

-2.0 

0.03 


Gas kitchen 

9.3 

64 

0.00 


Air conditioning 

- 2.7 

-2.4 

0.02 


Fans 

- 1.0 

-0.9 

0.37 

Wiwcf 

Intercept 

-24.9 
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Kitchen Vent 

- 0 .2 

-0.1 

0.89 


Cigarettes 

2.8 

1.8 

0.01 


Outside 

-16.9 

-9.5 

0.00 


Electric Heat 

- 1.9 

-0.8 

0.46 


Gas Heal 

4.3 

1.7 

0.09 


Oil Heat 

1.6 

0.6 

0.54 


Wood Heat 

- 1.0 

-0.6 

0.53 


Electric Kitchen 

- 4.1 

-1.9 

0.06 


Gas Kitchen 

17 J 

1.1 

0.00 


merely stirring the inside air or exchanging with the out¬ 
side, do not have a significant effect on indbor levels. 
The cigarette coefficient is about V* that of gas-fired kitch¬ 
ens in the summer study and '/* of that in. the winter. 
Specific to the winter study, electric, oil, and wood heat 
did not make a significant contribution, while gas-fired 
furnaces did. 

A correlation plot of predicted (or calculated) versus 
actual NO* levels is shown in Fig. 6, along with the 
theoretical line. 

Factor analysis 

BMDP4M is used to accept the entire data base (ap¬ 
pliances used, heating/cooling, cigarettes smoked. NO* 
levels) of 28 summer and 35 winter variables and to ex¬ 
tract from these, and rotate meaningfully,, a lesser 
number of independent factors. A breakdown of the 
factors for both studies in terms of the amount of 
variance explained is shown in.Fig. 7. In both cases the 
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ACTUAL -- 

Fig. 6. Linear regression analysis plot of predicted (calculated) vs. ac¬ 
tual I NOj levels (a) for the summer and (b) for the winter. Triangles 
represent the individual cases. Correlation coefficient (R) equals 0.79 
for the summer (a) and 0.B7 for the winter (b). 
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Fig. 7. Pie chart illustrating the percent variance of the entire data 
base explained by factors from BMDP4M for (a) summer and (b) 
winter. The smoking factor includes the number of cigarettes smoked 
and the number of smokers and nonsmoken in the home. 


predominant' factor was principally loaded, indicating 
coefficients of near 1.0, while coefficients of other 
variables are near 0, with all interior NO, levels phis 
gas kitchen appliances. When variables are together 
in a given factor, it indicates a high degree of in¬ 
terrelationship. The smoking factor, including the 
number of smokers and nonsmokers, accounts for 5ft- 
6ft of the variance of the entire data set (Table 1). This 
does not indicate a 5ft-6ft contribution to the indoor 
NO, by cigarettes, but rather, by its exclusion from fac¬ 
tor 1, this demonstrates its failure to correlate with in¬ 
door levels at all. When we pldt scores for factor 1 (in¬ 
side and gas appliance kitchens) versus factor 2 (outside) 
for the summer study (Fig. 8a) and label smokers (>20 
cigarettes) and nonsmokers, it is difficult to differen¬ 
tiate the groups along the factor 1 axis, although the Ss 
appear slightly in the positive direction, which concurs 
with the Mests results. A similar plot of the winter is 
shown in Fig. 8b, where differentiation of smokers and 
nonsmokers is less obvious. An example of the data ex¬ 
traction power of factor analysis is shown in Fig. 9, 
which plots factor 1 scores (indoor and gas appliance 
kitchens) against the smoking factor. The plot shows 
almost 100ft differentiation. 

Conclusions 

A simple and inexpensive sampling procedure, semi- 
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Fig. 8. Factor scores for factors including indoor vs. outdoor NO, 
levels (a) for the summer and (b) for the winter. Cases that smoked 20 
or more cigarettes are labeled S. and those that smoked less than 20 
are labeled N. 


automated data acquisition, and weH-dg^ungnted sta¬ 
tistical methods were effectively combined to show that 
the increased level of NOi due to cigarette smoking is 
barely measurable over a 7-day period. Furthermore, 
while the MO* increment measured here for participants 
without gas-fired appliances is 4 and 3 jig/m* in the 
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residential NO* levels 

% 
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F » 
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F » 

Fig. 9j Factor score* for factor including indoor NOi levels vs. the fac¬ 
tor including the number of smokers, nonsmokers, and cigarettes 
smoked in the home during (a) the summer study and (b) the winter 
Body. Cares are labeled as in Fig: t. 

summer and winter, respectively, the absolute levels are 
well below both the NAAQS of 100 /ig/m* for annual 
exposure and the adjacent outdoor level. In addition, 
the contribution to the indoor NO* level due to gas-fired 


m 


kitchen appliances completely overpowers that due to 
the contribution from cigarette smoking. 
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FOREWORD 


lindbor air quality conservation and procedures for the measurement of related 
potential pollutants, such as radon, asbestos, gases, pesticides, tobacco smoke and 
bacteria from air conditioning systems, have seen important changes in recent years, 
while the range and the scope of the studies have continued to expand. 

In addition to helping preserve public health, the field of interest is now extending 
to include such areas as architectural design, ventilation engineering,, sociology, 
psychology and legal aspects. Related analytical techniques like gas chromatography 
and mass spectroscopy have undergone parallel refinements and their range of ap¬ 
plication has broadened. 

These advances were discussed at the Conference ‘Present and Future of Indoor 
Air Quality’, held in Brussels, February, 1939, following symposia on indoor air 
quality at Essen and Tokyo in 1987 and Londbn in 1988. The sessions were attended 
by about 200 scientists representing 20 countries. A total of 92 papers and posters 
were presented covering such topics as pathogenesis and epidemiology, sources of in¬ 
door air contamination and risk assessment, chemistry of indoor air related to the 
outdoor air quality, social and psychological aspects of poor indoor air quality, 
motivation'and attitudes, future guidelines for the improvement of indoor air quali¬ 
ty through architectural and ventilation design, and air quality monitoring. 

The proceedings include full texts and posters presented during the meeting. The 
organising committee hopes that they will constitute a useful guide for the improve¬ 
ment of our indoor air quality in the future. 
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law (Title 17 U.S. Code) 


SUMMARY 

The study was conducted to clarify the influence on N02 personal exposure llevels of 
indoor air pollution caused by passi ve smoking and heating apparatus, and outdoor air 
pollution, and the following results were obtained. 


(1) NO 2 personal exposure levels in winter, when heating apparatus were used, were 
almost twice as high as in other seasons. 

(2) Average levels of personal exposure broken down by heating apparatus type 
Fevealed approximately twice as high values for heating apparatus without a 
ventidiuct than for those with a ventiduct. 

(3) When heating apparatus were not used, N0 2 personal exposure levels for the group 
with family smokers registered slightly higher values than for those with no family 
smokers. When heating apparatus were used, these differences disappeared. Of 
course, no influence of family smokers on the NO 2 personal exposure level was 
observed both in heating and non-heating periods. 

(4) A predicted equation to estimate N0 2 personal exposure levels was arrived at 
through multiple regression analysis. NO 2 personal exposure levels were 
designated as the objective variable, while ambient air pollution levels, use of 
heating apparatus without a ventiduct, housing structure, passive smoking and 
climatic conditions (temperature) were designated as explanatory variables. 
Application of this predicted equation to other areas outside the scope of the 
original study resulted in a significant correlation between the predicted and the 
observed values. 


objective OF STUDY 

The study was conducted to clarity the influence on NO 2 personal exposure levels of 
mdbor air pollution caused by fami ly smokers and heating apparatus used in the home, 
®ad outdoor air pollution. Personal N0 2 exposure levels of subjects chosen from 
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elementary schools in five areas with differing atmospheric pollution levels and group 
N'Ojj exposure levels were measured using an NO 2 -filter badge. 


SUBJECTS AND METHODS 

The study was conducted over a two year period from September 1985 to March 
1987. Subjects for the study were all members of the 5th and 6th grade classes of five 
elementary schools which had a monitoring station within the school area. Each 
subject was asked to pin the NO 2 filter badge to their clothing for a length of 24 hours 
on one weekday per month so that we could measure personal NO 2 exposure levels and 
outdoor NO 2 levels. Details were also recorded concerning the presence of any smokers 
in the home on the day of the survey, the type of heating apparatus used and the 
frequency of its usage and the housing structure. 


The five areas covered by the study are described in Fig. 1 as areas A to E. The 
survey period for areas A and C were as follows: 

- Area A surveyed on two occasions: 

October 1985 to February 1986 (5 months) and September 1986 to February 1987. (6 
months) 1 

- Area C surveyed on one occasion: 

September 1986 to July 1987 (11 months) 


Table 1 shows the period of the study and the number of schoolchildren surveyed by 
school. Subjects pinned the NO 2 filter badges to their chest over a 24 hour period on 
one day per month. Using this method we measured the personal NO 2 exposure levels 
and also simultaneously took readings of NO 2 levels in various areas by placing a filter 
badge in the classrooms, corridors, schoolyards and monitoring stations of each area. 

Based on the results of the simultaneous survey on presence of family smokers, type 
of heating apparatus used and the frequency of use, we designated the heating period 
as being between November and March, and the remainder of the year as the non* 
heating period. 

As can be observed in Table 1, the survey was performed on a total of 39 occasions — 
25 times in the heating period and 14 times in the non-heating period! The reason for 
conducting more surveys in the heating period was that personal NO 2 exposure levels 
were likely to be influenced more by indoor air pollution variables in the heating 
period than in the non-heating period. The total number of surveys made over the 
three year period was 5,385. 

RESULTS 

Table 2 shows the correlation coefficients between NO 2 measurements which were 
obtained with the filter badges placed in the outdoor monitoring stations, classrooms, 
corridors and schoolyards. 
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Table 2-(l) shows a high positive correlation between outdoor NO 2 levels and 
corridor and schoolyard MO 2 levels for the entire survey period including both the 
heating and non-heating periods. Table 2-(2), which refers to the non-heating period, 
shows a high positive correlation between outdoor NO 2 levels and N02 levels of 
classroom, corridor and schoolyard. For the heating period, shown in Table 2-(3), while 
a high positive correlation coefficient was observed between outdoor NO 2 values and 
the schoolyard' NO 2 values, a low coefficient was observed between outdoor and the 
classroom N02 values. This is due to the influence of the indbor heating apparatus 
used during the heating period. 

It is of interest to note that the correlation coefficient between the measured NO 2 
value using the NO 2 filter badge in the monitoring station and the value measured by 
the Saltzman method in the same station was very high -namely 0.975 as shown in 
Fig. 2. 

Table 3 displays the mean value of NO 2 personal exposure levels by area and month 
of survey. The NO 2 personal exposure levels in each area over the November to March 
heating period were high compared to those in the non-heating period; in fact the 
figure was almost double. In addition, the figures by area show that the mean value of 
N 02 personal exposure levels tends to be higher for both heating and non-heating 
periods in the area where the higher NO 2 values are measured at the monitoring 
station. 

Table 4 shows the arithmetic mean of NO 2 personal exposure levels by type of 
heating apparatus and presence of family smokers in each area over the September to 
February period. This indicates that in every area the NO 2 personal exposure level for 
those family groups using heating apparatus without a ventiduct was almost double 
that of those who used apparatus with a ventiduct. However, no clear difference was 
detected between the groups exposed to passive smoking and those not exposed. 


Table 5 shows the arithmetic mean of NO 2 personal exposure levels this time using 
the housing structure as the explanatory variable. The results show that there was no 
significant difference in NO 2 personal exposure levels according to the housing 
structure; 

Multiple regression analysis including stratified factor was used to examine effects 
of various potential factors on NO 2 personal exposure levels. 

NO 2 personal exposure levels was designated as the objective variable, while 
ambient NO 2 level; type of heating, housing structure, use of cookery gas apparatus in 
the kitchen and family smokers were used as explanatory factors. 

For the ambient N02 level, the filter badge placed in the monitoring station was 
usedl Each of the stratified factors were assigned a value of “1” (one) if they were 
thought to increase personal exposure levels and a value of “0" (zero) if this was not 
believed to be so, as shown in notes of Table 6; 

Results of the analysis as shown in Table 6 suggest that for the non-heating period, 
the regression coefficients of outdoor NO 2 level and presence of family smokers were 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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1987 r-1- 

E [ Sep. 1987. Feb. 1988 

Total man-days: 5.333 

( ): Heating period Iwhen heating apparatus h used! 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Table 241) Correlation coefficient between NOg valtie for outdoors, classroom, school corridor and schoolyard 

_(Entire survey period) 



NOj value for 
outdoors 

NOa value for 
classroom 

NO 2 value for 
school corridor 

NO 2 value for 
schoolyard 

NOg value for outdoors 

1.00 

1 0.507. 

0.891 

0.989 

NOg value for classroom 


! IlOO 

0.880 

0.548 

NO 2 value for school corrider 



IlOO 

0.814 

NOa value for schoolyard 




1.00 


No. of subjects: 39 


Table 24 2) Correlation coefficient between NO 2 value for outdbors. school room, school corridor and schoolyard 
____ (Non-heating period)' 


1 

NOa value for 
outdoors 

NO 2 value for 
classroom 

NOa value for 
school corridor 

NO 2 valtie for 
schoolyard 

NOa value for outdoors 

1.00 

0.861 

0.972 

0.995 

NOa value for classroom 


i 1.00 

0.962 

0.893 

NOgval ue for school corridor 

| 


1.00 

0.938 

NOa value for schoolyard 




1.00 


No. of subjects: 14 


Table 243) Cdrrelation coefficient between NO* value for outdoors, classroom, school corridor and schoolyard 

_(Heating period) 



NOa value for 
outdoors 

NO 2 value for 
classroom 

NOa value f° r 
school corrider 

NO 2 value for 
schoolyard 1 

NOg value for outdoors 

1.00 

0.231 

0.658 

0.986 

NOa value for classroom 


1.00 

0.821 

0,260 

NOa value for school corridor 



1.00 

0.93:8 

NOa value for schoolyard 


1 


1.00 


No. of subjects: 25 


Tablb 3 Arithmetic mean (standard deviation) of NOg personal exposure values by month 

__ (ppb) 


! Year of 
survey 


Month 

Survey area 

Sep. 

Oct. 

Nov, 

Dec. 

Jan. 

Feb. 

1985 

A 


25(6) 

21 (6) 

| 33(17) 

45(23) 

47(23) 


B 

- 

12(4) 

14(14) 

32(25) 

34(24) 

35(21) 

1986 

A 

18 (4) 

24(6) 

22 (8) 

25(15) 

31(21) 

36(21) 


c 

13 (3) 

! 16(4) 

23(10) 

30(17) 

j 36(19) 

38(21) 

1987 

D 

6 (2) 

12(4) 

25 (7) 

30(26) 

47(22) 

50(27) 


E 

25 (5) 

14(3) 

22 (9) 

33(15) 

37(19) 

50(23) 







(ppb) 


Year of 

Survey area 

---—- 1 

Month 


survey 

Mar. 

Apr. 

May 

June 

July 


, 1987 

' c 

38(17) 

! 

21 (9) 

15 (4) 

12 (4) 

7 (3) 




Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Table 4 Arithmetic mean of NO? personal exposure by family smoker* and 

type of heating apparatus 


(pg/mJ/day) 


Area 

Type of heating 
apparatus 

Family smokers (+) 

Family smokers (-) 

Total 

A 

Total 

64 ±38 

56 ±32 

59±34 

With ventiduct 

47 ±18 

44 ±17 

45 ±18 

Without ventiduct 

90 ±45 

74 ±39 

80 ±42 

B 

Total 

40 ±33 

46 ±40 

44 ±38 

With ventiduct 

28 ±33 

30±24 ! 

29 ±28 

Without ventiduct 

50 ±30 

62 ±46 

57 ±41 

C 

Total 

46 ±28 

43130 

44 ±29 

With ventiduct 

30+11 

29±U 

3o±n 

Without ventiduct 

71 ±30 

70135 

70 ±33 

D 

Total 

49 ±44 

48 ±41 

4S±41 

With ventiduct 

30 ±19 

30 ±22 

30 ±21 

Wi thout ventiduct 

91 ±52! 

83 ±47 

84±4B 

£ 

Total 

51 ±29 

52 ±33 

52 ±32 

With ventiduct 

! 

38 ±14 

38 ±18 

38 ±17 

Without ventiduct 

72 ±34 

77 ±39 

75 ±38 


Mean ± SD. 


Table 5 Arithmetic mean of HO? personal exposure by type of heatiBf apparatus and housing structure 


(pg/mJ/dty) 


Area 

Type of heating 
apparatus 

Wooden house with 
wooden sash 

Wooden house with 
aluminium: sash 

Reinforced concrete 
house 

Total 

A 

Total 

58132 

59 ±33 

58133 

58 ±34 

With ventiduct 

46 ±18 

43 ±17 

46 ±18 

45 ±18 

Without ventiduct 

76137 

79138 

82 ±49 

80 ±42: 

B 

Total 

34 ±20 

44 ±36 

46±40 

43 ±38 

With ventiduct 

25 ±18 

24 ±18 

34 ±35 

29 ±27 

Without ventiduct 

44 ±21 

59 ±40 

81 ±49 

58141 

C 

Total 

41 ±25 

45 ±30 

47±30 

44129 

With ventiduct 

30111 

29111 

33 ±15 

30111 

Without ventiduct 

58 ±29 

72 ±34 

81±3I 

70133 

D 

Total 

50 ±41 

48 ±43 

47 ±39 

48141 

With ventiduct 

28 ±17 

30 ±23 

32 ±20 

30121 

Without ventiduct 

83 ±43 

84±49 

87:± 47 

80 ±48 

E 

Total 

49 ±29 

54 ±35 

51 ±29 

82132 

With ventiduct 

35 ±14 

36 ±16 

42±1S 

38117 

Without ventiduct 

71 ±34 

77 ± 39 

76±36 

75138 


Mean ± Si). 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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significant. However, for the heating period, the regression coefficients of the use of 


were of significance. The regression coefficient of outdoor NO 2 level was notably 0.417 
for the non-heating period and 0.395 for the heating period. 

Then an investigation was performed to determine the propriety of the appraisal of 
NO 2 exposure levels in the epidemiological study, i.e: the estimation of NO 2 personal 
exposure levels on a group level. 

Fig. 3 represents the relationship between the mean NO 2 exposure levels (group 
NO 2 exposure levels) of all subjects in each survey and the ambient NO 2 level 
monitored at that time using the filter badge placed in the monitoring station. The 
open circles on the chart represent NO 2 values in the non-heating period and the black 
circles NO 2 values in the heating peirod. The NO 2 group exposure levels for the non- 
heating period as represented by the open circles and the NO 2 levels measured at the 
monitoring station were judged to show a linear relationship. In addition, excluding 
the one stray point, a linear relation was also judged present for the heating period. A 
multiple regression analysis was performed on this data, the results of which are 
shown inTable 7. 

These results suggest that NO 2 group exposure levels in the non-heating period 
may be explained by ambient NO 2 levels and in the heating period by ambient NO 2 
level and percentage use of non-ventilated heating apparatus: The regression 
coefficient of the ambient NO 2 level was 0.431 for the non-heating period, 0.398 for the 
heating period 1 and 0.403 for the entire survey periodL Accordingly, it was judged 
feasible to use the predicted equations shown in the bottom column of the table fbr 
estimating NO 2 personal exposure levels as on a group level; 

We obtained 1 already a significant negative correlation coefficient (0.79) between 
the percentage use of heating apparatus and 24-hour mean temperature. Therefore, it 
should still be possible to estimate NO 2 personal exposure levels on a group level even 
if we substituted non-ventiduct heating apparatus percentage use with mean 
temperature (see Table 8): In other words, we believe it is possible to estimate mean 
NO 2 exposure levels per day per person in the group without examining the non¬ 
ventiduct heating apparatus percentage use as long as you can measure the ambient 
NO 2 level and mean temperature. At least we feel this applies to the estimation of the 
daily NO 2 exposure level on a group level for the entire survey period and the heating 
period. 

In order to ensure the validity of our predicted equation shown in Table 7, we 
examined'measurement data collected once a month (excluding August) for 11 months 
from October 1983 to September 1984; using as subjects 80 schoolchildren in Yao City, 
Osaka Prefecture. The results of this study are shown in Fig. 4. The correlation 
coefficient between Hie observed and calculated values is very high at 0.977, and it 
could be said'that observed and calculated values of NO 2 exposure levels are almost 
identical. Therefore, it appears possible that the NO 2 exposure level obtained by the 
predicted equations derived in this research study can he used for estimating NO 2 
personal exposure levels in the epidemiological study. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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Table 6 Results of multiple regression analysis between NOi personal exposures and various factors 



Nonnesting period 

Heating period 1 

Entire survey period 

Regression 

coefficient 

NO 2 valiie for outdoors 

0.417*" 

0395— 

0.445*" 

Type of heating apparatus 

- 

17l303*" 

19:725— 

Housing structure 

0j437 

3.789** 

2:667 

Cookery gas apparatus 

-0.296 

0.166 

0;i30 

Presence of family smokers 

0.733"" 

0.629 

0.497 

Constant 

7.1 

i 9.5 

6.7 

N umber of subjteta 

1.910 

3.473 

5383 

Multiple regression coefficient 

0.749** 

0.468*" 

0.611*" 


* NOj personal exposure value: ppb 

-NO? value for outdoors: ppb.averagf/day (by NOj-filtcr badge method) 

-Type of beating apparatus; (beating apparatus with ventiduct: 0, without ventiduct: 1) 

- Housing structure: (wooden house with aluminium sash: 0; the others: 1) 

- Cookery gas apparatus: (not used: 0. used: I) 

-Presence of family smokers: (yes :0, no: 1) 

•• P<0.01 


Table 7 Result of multiple regression analysis between mean of NO) personal exposure values 
as on a group level and various factors 



Non-heating period 

Heatingperiod 

Entire survey period 

Regression 

coefficient 

NOj value for outdoors 

0.431** 

0:398"" 

0.403- 

Items of heating 

- 

0.316** 

0.294- 

Constant 

7.6 

6.4 

7.7 

Number of subjects 

14 

25 

39 

Multiple regression coefficient 

0:926** 

0.8B7** 

0:949— 

A predicted equation to estimate NO? 
personal exposure levels 

Y=0.43 la+7.6 

Y =0.398*+0.316b+6 j4 

Y =0.403a + 0.294b + 7.7 


- Mean of NO) personal exposure values as on a group: ppb (averaga/day) 

- NOg value for outdbors: NO 2 value measured at monitoring station, ppb.(averagtAUy) 

* Items of heating apparatus: Number of he ating apparatus used /number of surveys X 10<X%) 
•• P<0.01 


Table MI) ResulU of multiple regression analysis (NO* personal exposure value, outdbor NOg value, air temperature) 

(Entirt survey period) 


Factors 

Partial eorelation 
coefficient 

Regression 

coefficient 

Standardized 
partial correlation 
coefficient 

lvalue 

NOi value for outdoors 

0:618 

0.363 

0.369 

472"" 

Mean value for air temperature 

| -0.835 

-1.137 

-0.712 

9 11- 


N = 39 •"PCO.OX 

Multiple correlation coefficient: 0,894 
Y*0.363a—1.137c+31.9 


Table 8-<2) Results of multiple regression analysis (NO* personal exposure valua, outdoor NOg value, air temperature) 

(Heating period) 


Factors 

Partial corelation 
coefficient 

Regression 

coefficient 

Standardised 
pardal correlation 
coefficient 

lvalue 

NOj value for outdoors 

0.576 

0.373 

0.420 

* T3f * 

Mean value for ai r temperature 

-0.755 

-1.789 

-0.685 

5.40— 


rfTiT- “ " 

Multiple correlation coefficient; (X804 
Y = 0j373a- 1.789c + 36.3 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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However, it must be borne in mind that the results of this survey were obtained 
using as subjects schoolchildren whose daily behavioral pattern within the housing 
structure was similar and who experienced only Osaka climate. In areas with a colder 
climate than in Osaka, the heating period, method and housing structure will differ 
and even in the Osaka region age ranges outside that of the children tested would have 
differing daily life patterns and thus it would not be possible to use the equation 
directly resulting from this study in their original form. In addition, the object area for 
this study did not face onto a main road. Therefore, it wouldn’t be appropriate to apply 
these equations in measuring the NO 2 personal exposure levels of schoolchildren living 
in the vicinity of a main road: 
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FOREWORD 


Indoor air quality conservation and procedures for the measurement of related 
potential pollutants, such as radon, asbestos* gases, pesticides, tobacco smoke and 
bacteria from air conditioning systems, have seen important changes in recent years, 
while the range and the scope of the studies have continued to expand. 

In addition to helping preserve public health, the field of interest is now extending 
to include such areas as architectural design, ventilation engineering, sociology, 
psychology and legal aspects. Related analytical techniques like gas chromatography 
and mass spectroscopy have undergone parallel refinements and their range of ap¬ 
plication has broadened. 

These advances were discussed at the Conference ‘Present and Future of Indoor 
Air Quality’, held in Brussels, February, 1989, following symposia on indoor air 
quality at Essen and Tokyo in 1987 and London in 1988. The sessions were attended 
by about 200 scientists representing 20 countries. A total of 92 papers and posters 
were presented covering such topics as pathogenesis and epidemiology, sources of in¬ 
door air contamination and risk assessment, chemistry of indoor air related to the 
outdoor air quality, social and psychological aspects of poor indoor air quality, 
motivation and attitudes, future guidelines for the improvement of indoor air quali¬ 
ty through architectural and ventilation design, and air quality monitoring. 

The proceedings include full texts and posters presented during the meeting. The 
organising committee hopes that they will constitute a useful guide for the improve¬ 
ment of our indoor air quality in the future. 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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REGRESSION MODEL FOR INDOOR CONCENTRATIONS 
OF COMBUSTION-GENERATED 


A. Hendel-Kramer, J. Ruhr, R. Urbanek, 
Hi. Staiger*, E. Schultz* & W. Karmaus** 

(University Children Hospital, Freiburg 
service,Freiburg & 

**Science Centre, Berlin, FRG) • 


GASES 

KC’ 1 : ; 

This ir.o!{ >y 
protected by r^/right 
G e™an Weather Jaw (Titli UJ.S. Code). 


Introduction v 

We measured indoor- and outdoor-concentrations of NO 2 and SO 2 
within an epidemiological study about the correlation between 
indoor air pollution and respiratory diseases in childhood. A 
regression-model for concentrations of combustion-generated 
gases was set up, which allows estimations about the 
correlations between the concentrations and other variables. 
Methods 

In, 116 dwellings in the region of Freiburg and of the Black- 
FOrest the sampling of nitrogen dioxide (NO 2 ) and sulphur dioxide 
(SO 2 ) was performed by Palmes diffusion tubes. At the same time 
outdoor data were collected at 36 stations near the residences. 
The sampling was carried out over a period of October 87 to may 
88. The absorbed gases were analyzed by ionchromatography. 

The exploration of indoor conditions resulted from a standardized 
interview with the housewife. 

The following data were considered for the regression-model: 

1. As dependent variables: 

- NO 2 indoor-concentrations 

- SO 2 indoor-concentrations 

2. As independent variables: 

- NO 2 respectively SO 2 outdoor-concentrations 

- outdoor air temperature 

- tobacco smoking in the dwelling 

- kind 1 of stoves 

- gas-cooking 

- ventilation characteristics of the dwelling 
Description of variables 

According to the number of smoked cigarettes four categories for 
tobacco smoking were established. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Tab. 1 

NO? -Modcl (Frequencies of the variables) 


Gas cooking 
in dwelling 

number of 
observations 

V 

yes 

12.3 

no 

87.2 


100.0 


(N - 428) 


Tobacco smoking 
in dwelling 

i 

number of: 1 

observations j 

% | 

1 yes 

25.7 1 

| no 

74.1 ; 

i 

100.0 I 

i 

(N - 4123) 


; , 

Kind of stoves j number of 

I observations 


central heating ! 

66.5 

one stove with fossil fuels| 

15.0 

more than one stove with 

1 

fossil fuels j 

13-5 i 

i 

100.0 ! 

i 

<N « 423) j 


Ventilation classes ! 

i 

i 

number of 1 

observations i 

* i 

class 0+1 

73.1 ! 

class 2 ♦ 3 

26.3 ! 


ICO.O 

' 

{X - 423) * 


L 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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The dwellings were categorized considering the kinds of fuel and 
heating. 

The ventilation characteristics were registered by the kind of 
building (e.g. prefabricated house) and by the habits of the 
housewife to ventilate. 


Because the dependent and independent variables have continuous 
values a linear regression-analysis was used. It requires a 
normal distribution of the considered values. Therefore we 
performed a transformation with natural logarithm. The formula 
y«(— 1 +ePAR . X) . 100 gives the percentage increase of the 
dependent variable if the values of the independent variables are 
increasing. 

Results 
NO?-MODEL 
(Tab.1 ; Fig.1) 

N * 428 values for the NO 2 indbor-concentrations are available. 
The range of the values is 2yg/ln 3 to 201/zg/m 3 indoors and 3/jg/m 3 
to 116/ig/m 3 outdoors. 

The results of the regression analysis are: 


— 

Variables 

Regr.-Coefficient 

i Significance-Level 

i Intercept 

2.613 

0.0001 

■ NO 2 outdoor cone. 

0.005 

0.0047 

Outdoor temperature 

0.030 

0.0003 

Gas cooking 

0.327 

0.0044 

Ventilation charact. 

0.051 

0.0005 

Smoking 

- 0.026 

i 0.2904 

Kind of stoves 

1 

0.041 

0.1299 


' The model predicts the following connections: 

1. The higher the NO 2 outdoor-concentrations the higher the 
indoor-concentrations. 

2. The higher the outdoor air temperature the higher the NO 2 - 
indoor-concemtrations. 

An explanation' for this is the ventilation habit. Opening of 
the windows at higher temperature causes an increase in 
indoor-concentrations. 

3. In dwellings with gas-cooking the NO 2 concentrations are 
higher than in others. 

4. In well isolated dwellings with low ventilation rates the 
N 02 concentrations are higher than in others. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Fig. 1 
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These four variables are statistically significant. Tobacco 
smoking and the kind of stoves have no significant effect on the 
NO 2 indoor-concentrations in our model. 

This model predicts 8% of the variance. 

SO?—MODEL 
(Tab.2 ; Fig.2) 

Ni “ 262 values are the basis of the compution. The range of the 
values goes from 1 jig/m 3 - 136 yg/rn 3 indoor and 1 yg/m 3 to 
163 ng/m 3 outdoor. 

The results of the regression analysis are: 


Variables 

Regr.-Coefficient 

Significance-Level 

Intercept 

2.010 

0.0001 

SO 2 outdoor cone. 

0.014 

0.0001 

Outdoor temperature 

- 0.095 

0.0001 

Gas cooking 

0.4 57 

0.01818 

Ventilation charact. 

0.051 

0.5662 

Smoking 

- 0.005 

0.8942 

Kind of Stoves 

- 0.034 

0.4778 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Tap 2 

f Model (Frequencies of variables) 


Gas cooking 
in dwelling m 

1 number of 

observations 

— % 

yes 

13.0 

no 

87.0 


100.0 

i 

<K - 262} 


Tobacco smoking 

number of 

in dwelling 

observations 


% 

yas 

24.8 

no 

75.2 


100.0 

- 

(N - 262) 


Kind of stoves 

number of 
observations 

% 

central heating 

66.8 

ona stove with fossil fuels 

17.2 

more than ona stove with 
"ossil fuels 

i 16.0 

1 

100.0 
(IK - 262) 



number of 
observations 

% 

class 0 + 1 

72.9 

class 2 3 

27.1 


100.0 

1 

(K - 262) 


Three of the checked 6 variables are statistically significant. 

The model predicts the following connections: 

1. The higher the SO 2 outdoor-concentrations, the higher the 
indoor-concentration. 

2. The higher the outdoor air temperature the lower the SO 2 
indoor-concentrations. An explanation for this connection is 
the lower heating activities in the warm season, which causes 
reduced SO 2 outdoor-concentrations. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Fig. 2 
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3. In dwellings with gas cooking the SO 2 indoor-concentrations 

are higher than in other. Because gas cooking is no source of 
SO 2 we assume, that the ventilation behavior is responsible 
for this connection. 

This model predicts 23,3% of the variance. 
summary 

Our epidemiological data are obtained under "field conditions". 
Concerning the indoor-concentration of NO 2 the statistically 
significant variables are NO 2 outdoor-concentration, outdoor air 
temperature, gas cooking and ventilation characteristics. 
Concerning the indoor-concentration of SO 2 the statistically 
significant variables are SO 2 outdoor concentration, outdoor air 
temperature and gas cooking. 

our models only give a small explication percentage for the 
variance. Therefore the indoor gas concentrations couldn't be 
predicted with potential determinants of the indoor and outdoor 
environment. For epidemiological studies the actually registered 
data in analyzed dwellings must be considered. 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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Thermal Desorption/Gas Chromatographic/Mass 
Spectrometric Analysis of Volatile Organic 
Compounds in the Offices of Smokers 
-and Nonsmokers 


Cturleo* W. Biyert and Marilyn S. Black 

Tach Rtttwck UftiitiMC, Analytical and Inunimaaiaooa Branch, Enmoa At 12, Atlanta, Gaorgia 30322, USA 


The Indoor air qaaliry af (to office* of iaok«n aad loirnnim **i awyd for valbtU* orgaok c om p o a ad 
Idealities aad co a central iom. Ttoae rasalu wore aaaaaiacd to dMtnaia* whether ra virooa xa ul liba ec a mo hr 
cootamiaatioa could to distinguished from airborne pollute au not gassing from other sources. It was not possible 
to : positively attribute volatile organic contaminants to environmental tobacco smoke. It was pocslble to dwtiageUb 
totweea smokers' and nonsmokers* offices by determioing airborne nicotine levels. 


INTRODUCTION 


indoor air quality has recently become a major issue 
and research area. The concentrations of many airborne 
contaminants are significantly greater inside buildings 
and residences where the average person spends 
approximately 90 per cent of his/her time 1,3 (Fig. 1). A 
multitude of sources can yield potentially harmful 
vapors such as tobacco smoke, building materials and 
furnishings, copy machines, cooking and heating fuels, 
aerosol propellants, cleaning compounds, dry cleaning 
solvents, printed paper, etc.The sick-building syn¬ 
drome* can result in a number of nonspecific symptoms. 
These include headaches, eye irritation, fatigue, dry 
throat, sinus congestion, dizziness, and nauseai Sick- 
building syndrome is difficult to measure since it usually 
is caused by an interplay of many substances as well as 
how the indoor environment is controlled. Volatile 
organic compounds (VOCs) are one class of pollutants 
which have come under particular scrutiny. These sub¬ 
stances arc ubiquitous in the indoor environment and 
comprise a very complex matrix. 

Capillary gas chromatography/mass spectrometry 
(GC/MS) is the preferred technique for detection and 
identification of the broad spectrum of VOCs in survey 
air samples, Three sample introduction! inodes are 
employed: (1) direct thermal desorption of gases collec¬ 
ted on solid sorbents*' 11 (2) liquid injection of solvent 
extract of gases collected on solid sorbents or filters 13 
(3) direct gaseous injection of grab samples. 19 Solid 
sorbent collection with subsequent thermal desorption 
GC/MS (TD/GC/MS) analysis offers significant advan¬ 
tages including: selective adsorption of organic species, 
cfieaive preconcentration of organic species on solid 
sorbent during sample collection, and direct thermal 
injection withi minimal sample handling and pre¬ 
paration. Sensitivity, accuracy, and precision of the over¬ 
all analysis technique are enhanced by solid 
sorbent/TD/GC/MS. 

1 Author: io whom correspondence thou Id be addreutd 
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C. W. BAYER AND M S BLACK 


Environmental tobacco smoke (ETS) it one of the 
most controversial sources of indoor air contaminants. 
ETS is that portion of smoke to which the passive smoker 
is exposed, it is defined as a combination of the smoke 
emanating from the burning end of an idling cigarette 
errergar (sidestream smoke) and exhaled smoke (exhaled 
mainstream smoke). ETS exposure is difficult to estab¬ 
lish due to: (I) the complexity of smoke composition; 
(2) the similarity of ETS constituents to those outgassed 
from other volatile pollutant sources; and (3) the vari¬ 
ability of ETS composition: Over 3000 compounds, 
including volatile organic and inorganic aperies, have 
been identified in tobacco smoke. 14 Numerous 
nitrogenous compounds have been identified in main¬ 
stream smoke. 1 *’” These compounds are not commonly 
detected in indoor air so the presence of ni trogenous 
compounds may serve as markers for ETS contami¬ 
nation. 

An investigation was undertaken to survey and com¬ 
pare the indoor air quality in offices of smokers and 
nonsmokers. Most previous studies to date have used 
respirable particles” or nicotine” as a measure of ETS 
levels. This study examined the presence and concentra¬ 
tions of VOCs and nicotine. It was hoped to be able to 
find correlations between VOC identities and concentra¬ 
tions and the presence of ETS 


EXPERIMENTAL 


Solid sorbent tubes 

Tenax GC 60/80 mesh (Alltcch Associates) was Soxhlet 
extracted for 24 h each with methanol and hexane: The 
adsorbent was dried under a nitrogen stream prior to 
packing into a dean glass tube. Two hundred mg were 
packed! into a dean glass tube (4 mm Ld.x 180 mm 
length) plugging the tube ends with glass wool. The 
tubes were conditioned at 270 X for a minimum of 18 h, 
white being flushed with a stream of 20 ml min* 1 
nitrogen. Tubes were cooled to room temperature while 
continuing to flush with nitrogen; then placed in dean 
aluminum, o-ring sealed containers (Tekmar, Inc.) for 
transportation to and from sampling sites. Orbo-42 tubes 
(Supelco) were used as supplied by manufacturer. 


Sampling and deaorptioD 

VOCs were sampled during field surveys of office build¬ 
ings and during experimental studies with a small scale 
chamber (Fig. 2) attached to a smoking machine. Per¬ 
sonal sampling pumps (Dupont 4000) were used to draw 
air at 100 mi ntin'‘ for 4 h through the pre pared Tenax 
sorbent tubes at each sampling site. After sampling was 
complete, the tubes were stored in the aluminum con¬ 
tainers at O X until analysis by TD/GC/MS. 

Nicotine sampling was conduaed in office buildings 
on Orbo-42 solid sorbent tubes Personal sampling 
pumps (Gilian Model 113A) were used to draw ajr at 
1 LPM for 2 h through the sorbent tubes Front and back 
portions of tubes were analysed separately to monitor 
possible breakthrough during sampling Nicotine was 



1 gidastratm smofca aaHactaon chamtar 


desorbed by extracting the adsorbent with 1 ml athyll 
acetate (Baker Resianalysed) for 30 min. 


lastruMBUtioD 

Mass spectrometric measurements were obtained with 
a Finnigan OWA Model 30B GC/MS operating under 
electron impact conditions <70 eV, 100 mA). Thermal 
desorption of VOCs preconcentrated on Tenax was 
accomplished with a Tekmar Model 5000 thermal dcsor- 
ber interfaced with the GC/M& Helium was used as 
carrier gas for both the desorber and the GC and was 
adjusted so that the carrier flow through the capillary 
GC column was l.fmlmin'\ The desorber was 
equipped with a cry ofocu sing unit to trap volatiles on 
a length of deaaivated fused silica (0J2 mm x 300 mm). 

The fused silica trap was attached to the capillary 
column using a bun-end connector (Alltech Associates). i 
The following conditions were used for thermal desorp-' 
lion: prepurging of tube for 5 min at 45 X; desorption 
at 285 X for 8 min; cooling cryotraps at -150 X with 
liquid nitrogen during desorption and transfer through 
the transfer line; transfer temperature of 285 X for 
L75 min; valve temperature of 285 X; injection tem¬ 
perature of 220 X; and an injection time of 1.5 min.‘The 
gas chromatograph separation was begun immediately 
following flash evaporation from the fused! silica trap 
onto the head of the capillary GC column: A bonded 
SE54 column (25 m x 0.32 mm i.d. coated and a 0.5 p,m 
film thickness) (Hewlett-Packard) was used! with the 
following temperature program: 30X isothermal for 
1 min; 8 X min* 1 to 250 *C; isothermal for lOmin; and 
GC/MS transfer over 275 X. Mass spectral data were 
collected between 42-500 u in 0.7 sec. External standards 
were prepared by injecting a known concentration of 
the analyte of interest in methanol onto a blank solid 
sorbent tube. This was analysed under identical condv 
lions as the sample tubes. 

Nicotine analyses were carried out on a Hewlett- 
Packard Model 5890 gas chromatograph equipped with 
a nitrogen/phosphorous detector (NPD). Samples were 
injected on a DBS column (30 m x 0i25 mm i d. and! 

0.25 nm film thickness) (J A W Scientific). The following 
chromatographic isothermal conditions were used: oven 
temperature 120 X; injeaion temperature 260 X; and 
detector temperature 260 X. The deteaor gas flows were 
hydrogen 3:0 ml min* 1 , helium 30 ml min' 1 , and air 
80 ml min' 1 . Helium was used as the carrier gas at a 
flow of l.bmlmin* 1 . 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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td/gc/ms analysis of volatile organic compounds 
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RESULTS AND DISCUSSION 


ted in the indoor atmosphere is depicted in Fig. 3. 
Building materials and furnishings are the most common 
sources of these VOCs. Table l lists several of the most 
often detected l substances This VOC building back¬ 
ground makes it difficult to distinguish ETS contamina¬ 
tion originating from the offices of smokers from the 
VOCs outgassing from other sources. Figs 4 and 5 show 
reconstructed ion chromatograms obtained by air samp¬ 
ling on Tenax in two different office buildings. Each 
figure compares the ambient VOCs in the office of a 
»moker versus the office of a nonsmoker. Only minor 
differences are detected between the two areas. The 


Table 1. Cmbm VOC* detected la Moor 
air 
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Figure 4. VOCS datactad m tmofcar't office varava nonemekerV 
office (a} Reconstructed too chromatogram from emofcor't offiea 
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concentrations of selected VOCs are lined in Table 2 in 
three of the office complexes surveyed- No definitive 
patterns were discerned! which w ould correlate VOC 
correlation to the presence of ETS. 

A sidestream smoke collection chamber was used to 
collect samples of sidestream rift retie smoke from an 
idling cigarette in order to identify VOCs in the sidfc- 


Tablt 3. Several VOCs detected ia chamber 
•radio ea4 ia offices of Makers 

Ryrrohdme 

S■ Chlor o-2H - pyran - 2-one 
Tatra hyd rot uranmatba not 
2-Methyl-1H-pyrrole 
2-Methytpropyt cyanete 
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Kgur* S Sidestream xmok* eoMaciad from cKambor. Collection on 
Tanax; analysis by TD/GC/MS M idanvbcauons: A carbon 
dioxide. 4. eMoromethytbtitane. C. pyridine. 0. mathyfpyridmat; 
f. acetic acid. G. acetamide; H. 2»furenmath*nol; f. pyrroWme, 
Jf athanyipyridma. K baneomtrile: L beruolursn. M. prapanyf- 
Peru ana. A methyiphenol. o. d*mathyiund*c*ne; f. tnmathyf • 
cyclohexane; Q. nicotine. A dunathyfnaphthalanas: 


stream smoke, but not commonly detected indoors (Fig. 
6). Many of the compoundi detected were nitrogen 
pyrolysates. Examination of VOC identities in offices 
occupied by smokers and the chamber studies yielded 
the presence of five compounds not usually found in 
indoor air. These are listed in Table 3. Although these 
VOCs are suspected to originate from ETS, it is not 
possible to positively attribute their prestnccuo ETS. 

Nicotine was not detected by survey air analysis with 
subsequent TD/CC/MS analysis It was necessary to 
sample nicotine on Orbo-42 sorbent tubes and analyse 
by GC/NPD. Differences in nicotine concentrations in 
the offices of smokers and nonsmokers were discerned. 
Table 4 presents the nicotine concentrations obtained 
in several offices. 

In summary, this preliminary study has formed tRe 
basis for continued research into differentiating VOCs 
resulting from ETS contamination from VOCt emanat¬ 
ing from other contaminant sources. Continued 
examination of nitrogenous compoundi as possible 
markers for ETS exposure is being pursued as well as 
constructing a data base of VOC levels in the offices of 
smokers and nonsmokers. In this investigation, several 
VOCi were identified and are suspected to originate 
from ETS, but it is not possible at this time to positively 
attribute their presence to ETS These VOCs were not 
detected in all of the smokers* offices. The concentrations 
of the more common indoor VOCs appear to dfcpend 
on pollutant sources other than ETS. 


Table 4. Nirotier cssctatrtiioM ia •Sets of 
saoktn eed aotMoktrs 
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TD/GC/MS ANALYSIS OF VOLATILE ORGANIC COMPOUNDS 
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ABSTRACT 

This paper reports levels of nicotine, respirable particulates, carbon monoxide, carbon dioxide and 
volatile organic compounds measured in the air of smokers’ and non-smokers’ offices in a modern 
air-conditioned building. The results show very low levels of environmental tobacco smoke 
constituents, such as nicotine, present in smokers r offices, Moreover, the data show that smoking 
has little influence on the levels of volatile organic compounds found in the office air. 

INTRODUCTION 

Environmental Tobacco Smoke, ETS. is the complex mixture of chemicals found in air as a specific 
result ofsmoking(l). Some reports have claimed that ETS is harmful to the health of the non-smoker 
(2,3,4)i This issue has been discussed by scientists and doctors for over a decade, and although 
knowledge has increased over this period; it is still the subject of scientific controversy (2,5). The 
claims have primarily been based on combining the results of epidemiological studies that have 
all been stated to be, when taken individually, inadequate (2,3; 4,6). Several experts in the field 
of low-risk epidemiology have stated that it is not possible to draw firm conclusions as to whether 
or not ETS is harmful to the health of the non-smoker (5, 6, 7). 

In spite of the continuing! debate, there have been calls for the introduction of further restrictions 
on where smoking can take place (4,8). Much attention has recently focused on the work place, 
and in particular to the modern office environment. 

Ever since the energy crisis of the 1970's, many of the office buildings constructed in the Western 
world have been designed with air conditioning systems that limit energy costs and assist in energy 
conservation. Often control over the amount of fresh air taken into the building is determined 
simply by the temperature measured at various points. 

It has been well documented that buildings release chemicals into the air (9). Building materials, 
furnishings and coverings, and the building occupants will all contribute to the chemical burden of 
the office air (10). In extreme cases this may result in ’SickBuilding Syndrome', where theoccupants 
suffer symptoms and discomforts including headaches, burning eyes, irritation of the respiratory 
system, drowsiness, fatigue and general malaise (11). The causes of Sick Building Syndrome are 


1003 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 


2023380471 


not entirely dBfjnedl but are likely to be primarily exposure to bacteria, moulds and fungi produced 
and circulated by poorly maintained ventilation systems, and exposure to volatile organic 
compounds produced by various sources (12, 13). 

The United States Environmental Protection i Agency claimed, as part of the conclusions to their 
Total Exposure Assessment Methodology (TEAM) Studies, that the presence of ETS results in 
significantly higher levels of volatile organic compounds in air (14). Other authors, using similar 
methodol ogies, w ere unable to distinguish between smoking and non-smoking environments when 
measuringiaiTOIent volatile organics (15). 

This paper presents the results from an investigation of the air in offices in a modern air-conditioned! 
building located in Southern England. Ten offices, of different sizes, population and density of 
smokers, were each visited onfive separate occasions, On each occasion, measurements were 
made of levels of nicotine, respirable suspended particulates, carbon monoxide, carbon dioxide 
and volatile organic compounds in the air. 


THE BUILDING 

The building selected for this study is a 1970's built office block comprising of around 9300 square 
metres of floor, space on 16 floors, and holding around 350 people. Although originally designed 
to be open plan, it has been modified over the years to incorporate a modular office design, though 
some open plan areas remain. 

% 

Air. conditioning is nominally the same in all areas, There are two systems, one at the perimeter 
and one operating through the core of the building. Air for both systems is drawn from the roof 
where it is filtered and humidified. The perimeter system enters on each floor at vents positioned 
on window sills and exits through vents in the ceiling at the centre of the building. This system is 
monitored for temperature and relative humidity on three floors (floors 14, 11 and 5), conditions 
being fed-back to a central controlling system. The volumetric flow rate for the perimeter system 
was 17.5 m 3 s '. Withi544 vent outlets, the volumetric flow per modulewas 1.93 m 3 min ', resulting 
in a typical air. exchange rate for each office of around 3 air changes per hour. 

The core system operates through the centre of each floor, often in a corridor, at a total volumetric 
flow rate of 17 m 3 s ' and is controlled by rheostats and motorised valves on every floor. A typical 
floor plan is given as Figure 1. 

FIGURE 1 


TYPICAL FLOOR PLAN OF THE BUILDING UNDER INVESTIGATION 



Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 






Maximum possible recirculation is 84% (lie. 16% incorporation of fresh air), though this condition 
is rarely used and recirculation rates vary throughout the day. The entire system is operated in a 
manner that minimises total energy costs. 


SAMPLING SITES 

10 offices were selected to represent the variety of environments within the building. This included 
open plan space, single and multiple occupier offices, with different populations and numbers of 
smokers, as detailed in Table 1. 


TABLE 1: Details ; of Sampling Sites 


Site Number 

Floor 

1 

! Number of Occupants 

Approximate Size 
(ml 

Non-smokers 

Smokers 

1 

12 

0 

1 

30 

2 

11 

0 

1 

60 

3 

10 

1 3 

11 

115 

4 

9 

3 

0 

80 

5 

i 7 

29 

1 

760 

! 6 

6 

2 

3 

180 

7 

5 

4 

1 

1 155 

8 

4 

3 

3 

90 

9 

4 

i 1 

0 

30 

10 

11 

1 1 

0 

60 


Samples were acquired between 0900 and 1600 hrs. Each site was visited 5 times, each occasion 1 
for a particular office being at a different time of the day and on different days to avoid any bias 
from possible temporal variations. So, for example, site number 7 was sampled between 14.40 
and 15.40 on day 3,, 10.20 and 11.20 on day 5, etc. 

Each sample was acquired for one hour, and the sample was taken as near as possible to the 
centre of the office and at approximately head height of a seated person. 

No smoker segregation is imposed in this building, and so smokers are free to visit and smoke in 
the offices of non-smokers. As a general rule, this rarely occurred in the sites investigated in this 
study. 


Analytical Considerations 

All of the analytical methods for the analysis of the components under investigation have been 
previously detailed in the scientific literature. Briefly, the methods were; 

a)' Nicotine: Airborne nicotine was collected by drawing, at a rate of 1 litre per minute, air 
through a sorbent sampling tube containing XAD-4 resin (20/40 mesh) (SKC, Inc.) (16.17). 
After sampling, the tube was capped and returned to the laboratory. The collected nicotine 
was extracted fromi the resin using a quantity of ethyl acetate, modified with 0.01% 
triethylamine (to prevent losses of nicotine to the glassware). Analysis was effected by 
capillary gas chromatography with nitrogen-phosphorous detection. With this flow rate, 
and sampling periods of one hour, detection limits equate to approximately 0.11 pg m 3 
nicotine; 
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b) Respirable suspended particulates (RSP): Airborne particulates were measured by 
gravimetric analysis. Air from the environment was drawn at 2 litres per minute through a 
fluoropore membrane filter (17) (Millipore UK Ltd) via an impactor separatingiat 3.5 microns. 
The filter was weighed on an electronic balance capable of resolving ±0.1 jig (Perkin-Elmer). 
before and after sampling, each time being conditioned first at 50% relative humidity, to 
arrive at the RSP measurement. 

c) _Ultra-Violet Respirable Suspended Particulates (UV-RSP): In order to estimate the 

contribution of ETS to the total respirable particulates, each filter, after being weighed, was 
extracted with methanol and the resulting solution analysed for its absorbance at 325 nm. 
This was achieved by injecting the solution through a columnless liquid chromatography 
system into a UV detector and integrating the resultant peak. Previous research has shown 
that if:only ETS is present (i.e. in controlled conditions) then the calculated UV-RSP value 
is equivalent to RSP when using 11.1,2,2-tetrahydroxybenzophenone as a surrogate for 
calibration (18). In real-world environments, UV-RSP will give an over-estimate of the ETS 
contribution, as other sources may contribute chemicals collected that also absorb at 325 
nm (19). 

d) Carbon monoxide (CO): The CO monitoring system consists of a constant flow sampling 
pump and a detector based on electrochemical measurements (supplied by Neotronics. 
Gaineville, GA). Output from the detector was fed into a data logger (Campbell Scientific. 
Utah) which recorded signals every 30 seconds. Unlike all of the other measurements, CO 
analysis gave continuous real-time readings. Data given for each sample are the arithmetic 
mean of the readings over the sampling period. 

e) Carbon dioxide (COj): Drdger tubes (C0 2 0.01%/a, CH30 801) were used to measure 
ambient C0 2 levels (Dragerwerk, West Germany). This measurement was made 
approximately 5 minutes prior to the end of each sampling period. 

f) i Volatile organic compounds (VOC): Volatile chemicals present in the air were collected by 

drawing the air, using a fixed diaphragm pump at a rate of 10 cm 3 per minute, through a 
stainless steel tube containing the absorbent Tenax TA (60 - 80 mesh) (20). After confection, 
each tube was capped and returned to the laboratory. Analysis of each sample required 
thermal desorption (using a Perkin-Elmer Ltd. ATD-50) for 20 minutes at 240'C, during 
which time the eluted chemicals were swept from the sampling tube to a cryofocusing trap 
maintained at -30* C and containing a small quantity ofTenax. After this primary desorption 
the cold trap was rapidly heated i electronically to 240' C whereby the chemicals were 
effectively injected in a narrow band onto a capillary gas chromatography column connected 
to an ion trap detector (a bench-top mass spectrometer supplied by Perkin-Elmer Ltdl)i 
The capillary column (30m, 0.32 pm ID, DB-5) separated the individual components, and 
the mass spectrometer both identified and quantified. For each chromatographic peak, 
compound identification was confirmed by its mass spectrum, and quantification used the 
base peak of the mass spectrum (e.g. benzene was quantified on the signal due to the 
m/z 78 ion). Calibration of this system required introduction of mixed standards of the 
compounds of interest injected at five different levels, each Ifevallin duplicate, onto a clean 
Tenax tube in order to run standards through the entire procedure. In order to check the 
performance of the instrument, a quantity of 2-bromonaphthalene(iih methanol) was injected 
onto each tube prior to sampling: During sampling, the methanol eluted through the Tenax. 
but the 2-bromonaphthalene remained trapped for subsequent thermal desorption. 

RESULTS AND DISCUSSION 

The data for all smokers' and non-smokers’ off ices are given in T able 2. Arithmetic means, medians, 
minimum and maximum values are given for each of the analytes. Allidata points from the total 
of 50 visits are included. Arithmetic means are generally of a higher value than medians due to a 
skewed!distribution of values. 

1006 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 


2023380474 



SUMMARY OF DATA FROM ALL SAMPLING SITES 
(Data in fig nr 3 apart from CO and C0 2 which is given In ppm) 


TABLE 2 



Site 1 

Site 2 

Site 3 

Site 4 

Site 5 

Site 6 

Site 7 

Site 8 

Site 9 

Site 10 

j No. Smokers XI O'* 

33 

17 

87 

0 

1.3 

“ 17 

6.5 

33 

0 

0 

NICOTINE 

mean 

8 

18.1 

— 

0.2 

1.2 

*9 

2.1 ~ 

2.5 

05 

4 


median 

4.7 

18.1 

■BOH 

0.1 

1.0 

6.0 

22 

2.4 

0.7 

1.4 


range 

2-19 

10-26 

wnm 

0.1-0.5 

0.6-2.1 

4.2-11.4 

1.2-3.1 

0.7-4.7 

0.1-0.8 

07-2.1 

RESPIRABLE 

mean 

97 

148 

91 

116 

97 

109 

80 

101 

mrwm 

118” 

SUSPENDED 

median 

92 

138 

71 

71 

129 

70 

- HTI : ; 

80 

■ehi 

83 

PARTICULATES 

range 

41-167 

91-225 

40-172 

69-208 

19-150 

43-210 


67-199 

mmm 

67-200 

UV-RSP 

mean 

23 

61 

7 

Mm 

8 

30 

Mm 

18 

3 

10 


median 

17 

69 

6 


7 

27 

HtSH 

19 

3 

10 


range 

1-75 

29-72 

1-17 


2-14 

21-48 

mEuM 

4-28 

1-6 

5-17 

CARBON 

mean 

MEM 

1.4 

0.9 

MEM 

2.3“ 

1.8 

1.2 

1.0 

1.3 

1.0 

MONOXIDE 

median 

H|H 

1.4 

1.0 

HKH 

1.6 

1.2 

0.9 

1.0 

1.0 

1.0 


range 

usu 

1.0-2.0 

0.5-1.2 


1 0-4.8 

1.0-2.6 

0.8-2.3 

0.6-1.3 

0.7-2.2 

0.7-1.3 

CARBON 

mean 

730 

570 

520 

610 

560 

600 

610 

. 540 

Mim 

470 

DIOXIDE 

median 

000 

600 

500 

600 

500 

600 

600 

600 

H 

450 

* 


450-1000 

500-650 

450-600 

500-800 

500-700 

550-700 

600-650 

450-600 


450-500 

BENZENE 

mean 

10 

8 

7 

12 

21 

19 

15 

9 

Mm 

8 


median 

10 

8 

6 

9 

13 

6 

7 

5 

■esr 

5 


range 

5-14 

5-13 

3-14 

3-23 

6-49 

6-48 

5-46 

5-21 

WesM 

5-16 

CHLOROBENZENE 

mean 

0.2 

_ 0.2 

0.2 

MEM 

0l> 

mbm 

Mm 

Mm 

Mm 

■ 


median 

0.2 

0.2 

0.2 


0.8 


m 

■n 

HesH 

v 


range 

0.1-0.4 

0.1-0.4 

0.1 -0.5 


0.1-1.0 

Hffll 

0.1-1.1 | 

0.1-0 6 | 
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TABLE 2 CONTINUED 



Site 1 

Site 2 

Site 3 

Site 4 

Sites 

Site 6 

Site 7 

Site 8 

| Site 9 

Site 10 

N-DECANE 

mean 

6 

8 

8 

5 

9 

12 

7 

6 

*~lo. 

4 


median 

4 

6 

5 

5 

7 

15 

5 

3 

8 

4 


range 

4-13 

1-18 

! 1-24 

1-7 

2-22 

2-20 

2-16 

3-13 

6 16 

1-6 

1,2-DICHLORO- 

mean 

0.3 

MSM 

0.4 

0.7 

0.7 

mm 

0.4 

04 

BBTBB 

mm 

BENZENE 

median 

0.2 


0.3 

0.7 

0.7 

■ .^B 

0.4 

04 

m&M 



range 

0.2-0.6 

0.10.9 

02-0.8 

02-1.1 

0 2-1.4 

0.1-1.1 

0.1-0.7 

0.2-0.5 

m 

0 4-1.0 

1,2-DICHLORO- 

mean 

11 

WM 

13 

12 

mm 

19 

16 

8 


15 

ETHANE 

median 

10 


6 

12 

tisuXii 

19 

18 

9 


15 


range 

6-16 

WSum 

4-37 

5-18 

WBSm 

5-39 

4-21 

3-12 


5-19 

DODECANE 

mean 

mm 

2 

1 

1 

1 

2 

2 

2 

2 

3 


median 


2 

1 

1 

1 

2 

1 

1 

2 

1 


range 

H 

1-2 

1-2 

0.2-2 

0.7-2 

0.6-3 

0.9-3 

1-3 

1-3 

1-11 

ETHYL- 

mean 

5 

mm 

3 

5 

11 

54 

6 

4 

5 

n 

BENZENE 

median 

5 


3 

4 

6 

52 

4 

5 

3 



range 

3-6 

m 

2-4 

M3 

3-26 

11-122 

3-15 

3-5 

3-13 

Bo 

LIMONENE 

mean 

7 

4 

3 

n 

5 

10 

7 

3 

mm 

2 


median 

6 

4 

2 


6 

5 

7 

3 


2 


range 

4-11 

2-8 

2-8 

mXSM 

1-9 

4-31 

5-8 

2-6 


1-3 

N-OCTANE 

mean 

2 

2 

2 

2 

5 

312 

5 

4 

mm 

mm 


median 

2 

2 

2 

2 

3 

485 

2 

5 

mom 

■ol. 


range 

2-3 

1-2 

1-3 

1-3 j 

2-10 

22-528 

2-9 

2-5 

wEM 

msm 

a-PINENE 

mean 

2 

3 

2 

5 

6 

mm | 



4 

5 


median 

2 

2 

2 

4 

6 


BBj 


3 

4 


range 

1-4 

1-7 

1-4 

2-8 

2-11 



bbSIMB 

3-7 

2-7 

STYRENE 

mean 

6 

9 

7 

11 

27 

17 

19 

10 

26 

16 


median 

5 

8 

4 

12 

42 

6 

13 

10 

15 

15 


range 

2-16 

4-17 

3-21 

6-16 

4-50 

4-53 

3-59 

3-20 

7.79 

4-28 
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TABLE 2 CONTINUED 



Site 1 

Site 2 

Site 3 

Site 4 

Sites 

Site 6 

SHe7 

Sited 

S}e9 

Site 10 

TETRACHLOR- 

mean 

2 

3 

2 

3 

3 

3 

3 

3 

4 

3 

ETHENE 

median 

2 

3 

2 

2 

3 

2 

3 

3 

4 

2 


range 

1-3 

1-6 

1-4 

1-8 

1-5 

1-5 

2-6 

1-3 

3-5 

1-5 

TRICHLORO 

mean 

4 

3 

3 

2 

9 

3 

5 

5 

6 


ETHENE 

median 

4 

3 

2 

1 

5 

2 

1 

4 

4 



range 

2-5 

25 

1-8 

0.2-6 

2-19 

0.1-10 

0.5-19 

2-12 

1-14 

?10B 

TOLUENE 

mean 

24 

22 

21 

27 

32 

120 

35 

23 

25 

25 


median 

24 

22 

23 

20 

25 

113 

22 

22 

22 

20 


range 

18 27 

10-36 

11-27 

7-65 

19-68 

22-292 

15-98 

20-25 

16-46 

17-34 

UNDECANE 

mean 

5 

5 

4 


4 

6 

5 

4 

7 

4 


median 

4 

6 

4 

I 

3 

7 

4 

3 

7 

4 


range 

3-8 

3-7 

2-8 


2-8 

2-10 

2-12 

2-7 

5-12 

2-6 

2-VINYL- 

mean 

1 

1 

3 

0.9 

6 

8 

2 

1 

T 

mnm 

PYRIDINE 

median 

0.5 

0.3 

2 

0.3 

2 

0.6 

2 

0.9 

1.4 

0.2 


range 

0.4-3 

0.1-4 

0.2-9 

0.1-3.5 

0.1-23 

0.4-27 

0.4-5 

0.3-2 

06-7 

0.1-2 

O-XYLENE 

mean 

7 

8 

6 

11 

24 

33 

12 

9 

IT 

14 


median 

6 

6 

6 

11 

21 

25 

12 

6 

7 

10 


range 

* 4-11 

4-15 

3-9 

5-22 

8-50 

10-68 

* 4-24 

5-19 

5-27 

6-25 

M/P-XYLENE 

mean 

35 

38 

28 

60 

111 

191 

60 

45 

69 

81 


median 

26 

24 

17 

66 

109 

149 

60 

33 

37 

89 


range 

18-63 

14-83 

15-55 

23-94 

34-228 

49-328 

.14-138 

17-92 

25-170 

31-138 













Pooled VOG V 

mean 

139 

148 

117 

164 

291 

822 

206 

141 

214 

201 


median 

118 

126 

92 

156 

271 

698 

168 

119 

154 

181 


‘Pooled VOC’s is the sum of the concentrations of all volatiles specifically identified in this study. It is not a measure of total volatiles. 
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In order to assess tine worst and best air quality for both smoking and non-smoking situations. 
Table 3 presents individual values tor the minimum and maximum RSP observed for smokers' 
offices and for non-smokers’ offices. So. for example; the 'minimum smokers’ offices’ data in the 
first column presents all of the analyte values for the single visit that gave the minimum RSP value 
(4Qpg m 3 )i For this, data from Site 5, which is an open-plan space with one smoker and twenty-nine 
non-smokers, has been excluded from the considerations in order not to bias the comparisons; 

Table 4 presents the same evaluation, except that it is based on the single visit corresponding to 
the minimuntand maximum CO value observed. 


The data is best evaluated by considering each analyte, or group of analytes, in turn. 

Nicotine 

In smokers’ offices the median airborne nicotine level was 3.1 pg m 3 (range 0.6 to 26 pg m 3 ). 
From Table 2 it can be seen that the highest median for an individual site was 18.1 pg m 3 for Site 
2, whilst the lowest median was 1.0 pg m 3 for Site 5. The nicotine data is of a similar order, though' 
slightly lower in magnitude, as compared to other studies of offices (19, 21, 22). Numbers of 
cigarettes smoked during each visit were not indentified in this study, because we did not wish to 
influence the occupants behaviour by either observing or questioning. The data show little 
correlation between nicotine levels and numbers of smokers present, or between nicotine levels 
and smoker density (the number of smokers present divided by the size of the room). 

Some nicotine was found in the air of non-smokers’ offices, though this was at a low level with a 
median value of'Q.6 pg mi 3 (range 0.1 to 2.1 pg m ' 3 ). SitS 4 gave a median nicotine value of 0.1 
pg m 3 , whilst Site 10 gave a value of 1.4 pg mi 3 . Site 10 had been occupied by a smoker up to 
one week prior to the start of this investigation and hence it is possible that this level is due to a 
re-emission of nicotine from the furnishings. It is also possible that some nicotine is transferred 
through the air-conditioning system, or that unknown to us, a smoker occasionally visited this site. 

RSP and I UV-RSP 


The RSP median valUe in smokers’ offices was 91 pg m 3 (range 19 to 225 pg m 3 ). The UV-RSP 
median value, which is an estimate of the possible ETS contribution to RSP, was 24 pg m 3 (range 
1 to 75 pgm: 3 ). 

Median values ofiRSP for each smoking site correlated poorly (0.522) with corresponding nicotine 
values. However,, median UV-RSP values, again for each smoking site, gave an excellent 
correlation (0.962) with corresponding nicotine values. This indicates that the sum of the other, 
particulate sources in this building is far more significant than the contribution from ETS (which 
may be, in smokers' offices, of the order of 30% of the total). 


Data from nontsmokers' offices yields a median RSP value of 71 pg m' 3 (range 27 to 208 pg m 3 ). 
Some UV-RSP was also observed, with a median of 8.8 pg m 3 (range 1 to 17 pg m 3 ). The 
non-smoking Site 1'O had a higher median RSP than smoking Sites 1,3,4, 6, 7 and 8, though the 
median UV-RSP for Site 10 was only higher than smoking sites 3 and 5. 


Interestingly, Site 5 (the open plan area with 29 non-smokers and one smoker) had a higher than 
average median RSP value (129 pg m' 3 ) but a lOwer than average UV-RSP value (7 pg m 3 ), 
indicating a significant non-ETS particulate source in this area. 

The comparison of minimum and maximum RSP visits for smokers’ and non-smokers’ offices 
(Table 3) is interesting. Overall! there is a tendency for analyte levels to increase corresponding 
to the increase in RSP valUe. The increase is not of the same order of magnitude (apart from 
nicotine and UV-RSP in smokers’ offices). Comparing benzene levels, for example, there is an 
increase from 4 to 8 pg mi 3! ihismokers' offices, and an increase from 15 to 18 pg m 3 in non-smokers’ 
offices. 
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TABLE 3: Data from a single visit corresponding to the minimum and the maximum RSP 
value obtained*, separate by smokers’ and non-smokers’ offices, 

(Data in pg m'*, apart from CO and CO t which is given in ppm) 


Nicotine 


Respirable suspended 
particulates (RSP) 


UV-RSP 


Carbon monoxide 


Carbon dioxide 


Benzene 


Chlorobenzene 


n-Decane 


1,2-Dichlorobenzene 


Limonene 


n-Octane 


a-Pinene 


Styrene 


Tetrachloroethene 


Trichloroethene 


Toluene 


Undecane 


2-Vinyl Pyridine 


o-Xylene 


m/p-Xyiene 


Smokers 

i’ Offices 

Minimum 
(Site 3) 

Maximum 
(Site 2) 

1.5 

11 

40 

i 

, 225 

1 3 

72 

0.8 

1.0 

550 

500 


| Non-Smokers’Offices 

Minimum 
(Site 9) 

Maximum i 
(Site 4) 

0.3 

0.11 

27 

208 




1,2-Dichloroethane 

4 1 

10 

20 

18 

Dodecane 

2 

2 

11 

2 

Ethyl benzene 

3 

! 8 

i 3 

5 



* Site 5 has been excluded from consideration 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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TABLE 4: Data from a single visit corresponding to the minimum and maximum CO value 
obtained*, separated by smokers’ and non-smokers' offices. 

(Data in pg m" 3 , apart from CO and CO, which is given in ppm) 


Nicotine 

Respirable suspended 
particulates (RSP) 

UV-RSP _ 

Carbon monoxide 

Carbon dioxide _ 

Benzene _ 

Chlorobenzene _ 

n-Decane _ 

1.2- Dichlorobenzene 

1.2- Dichloroethane 

Dodecane _ 

Ethyl benzene _ 

Limonene _ 

n-Octane _ 

a-Pinene 

Styrene _ 

Tetrachloroethene 

Trichloroethene 

Toluene 

Undecane _ 

2-Vinyl Pyridine 

o-Xylene 

m/p-Xylene 
























































































Repace and Lowrey (23) have suggested that a typical non-smoker working in an office building 
in the U.S. (generally air-conditioned), would be exposed to average concentrations of particulates 
due specifically to ETS of 242 pg m 3 (range 100 to 1000 pg m 3 ). On this basis, these authors 
proposed numbers of deaths in non-smokers due to exposure to ETS in the workplace and 
suggested that workplace smoking restrictions should be introduced. Our data, acquired in a 
relatively well ventilated but not untypical U.K. office building; suggests average ETS particulate 
levels some 10 times lower than those given by Repace and Lowrey; UV-RSP values in our study 
for smokers* offices being 24 pg m 3 (range 1 to 75 pg m' 3 ). 


It is known that Repace and Lowrey did not take into proper account particulate sources other than 
ETS, but rather suggested that ETS was the major source of particulates. Our study suggests 
that tors might not be so. The work of other researchers in the U.S. also suggests that the Repace 
and Lowrey data may be a gross over-estimate (24), 

Carbon Monoxide 

Median carbon monoxide levels were 1,1 ppm (range 0.5 to 3.4 ppm) for smokers’ offices, and 1.0 
ppm (range 0.7 to 3.6 ppm) tor non-smokers’ offices. 

Comparing median values for each office, Site 5 has the highest at 1.6 ppm. This is associated 
with a relatively high RSP value and a relatively low UV-RSP value for this Site, indicating a source 
other than ETS being responsible. All other sites were found to have similar median GO levels 
(range 0.9 to 1.4' ppm). 

For smokers’ offices alone, and excluding Site 5, there was a relatively good correlation between 
median CO level for each site and both the corresponding nicotine level (corr. 0,929) and the 
corresponding UV-RSP level (corr. 0.924). This correlation was not so well defined for 
corresponding RSP values (corr. 0.752). This suggests that ETS is contributing to the CO level 
in smokers’ offices, though this contribution seems to be of the order of 0.1 to 0:4 ppm. 

Table 4 compares four individual visits corresponding to minimum and maximum CO values tor 
smokers' and non-smokers' offices. For smokers' offices the increase in CO from minimum to 
maximum corresponds to increases in many of the other analytes. However, Site 6 (where the 
maximumi CO level was observed) was a drawing office where many print materials were being 
used, and so this confounds the interpretation. For non-smokers' offices, the CO level increase 
from minimum to maximum corresponded to an increase in particulate, C0 2 and some (but not all) 
aromatic VOC levels, but a decrease in hydrocarbons and in some chlorinated VOCs. 

The relatively low CO levels observed may, in part, be due to the fact that air is drawmihto the 
building from roof level, well away from the traffic circulating the building. 

Carbon Ploxi.de 

Median CO* levels for all smokers' sites was 600 ppm (range 450 to 1000 ppm) and 500 ppm 
(range 450 to 800ppm) for non-smokers' offices. These levels suggest that the building is relatively 
well ventilated. 

Comparing i medians for each site office; Site 1 (a small office occupied by a single smoker) 
consistently had higher Ibvels of C0 2 than other sites. A comparison of Site 1 with Site 9 (a similarly 
small office occupied by a single non-smoker) suggest that the high C0 2 levels in Site 1 are not a 
simple correlation with size of room. It was noticed, however, that in Site 1, ventilation inlets at 
the window sills were significantly obstructed and this may be of importance. 
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Volatile Organic Compounds 

Some 18 VOC’s were quantified in this study. One of the most interesting is benzene. The EPA's 
TEAM study (14) has suggested that ETS is a major source of benzene in indoor air. Our data 
from this office building does not confirm that suggestion. The median benzene level in smokers' 
offices was 8 jig m 3 (range 3 to 49 pg m 3 ), whilst the median benzene levelin non-smokers' 
offices was 10 jig m 3 (range 3 to 31 m 3 ). The difference in benzene levels between smokers' 
andTTCjn-smokers' offices was not statistically significantly different at the 95% confidence limit. 

It is foundithat there is poor correlation over individual smokers' offices (excluding Site 5) between: 
median benzene levels and median nicotine (corr. 0.324) or between median benzene levels and 
median UV-RSP (corr. 0.243). Looking across all offices, Site 5 has the highest median benzene 
level (13 pgm 3 ) with Site 9 the second highest (12 pg mi 3 ). 

The absolute levels of benzene found in this study are similar to that found in the TEAM study , but 
the conclusions on what is the major source of benzene are quite different. 

Comparing all of the median VOC values in Table 2, 9 VOC’s are higher in non-smokers' offices. 
7 are higher in smokers' offices and 2 are similar in both situations. However, levels are very 
similar for all VOC's comparing smoking and non-smoking offices. There is no indication thatthe 
presence of ETS is associated with significantly increased levels of VOC's in this office environment. 

Comparing median values across individual sites, two offices stand out as being unusual. Site 5, 
which has relatively high RSP and CO values and low nicotine and UV-RSP values, has higher 
than average levels of benzene, styrene, o-and m/p-xylene, and chlorobenzene. No obvious source 
for these levels was identified (tobacco smoking was clearly not a major source). It is possible 
that this openplan area was not ventilated as efficiently as the smaller offices, though CO* levels 
do not confirm this. 

Site 6 is also unusual. Much higher than average levels of n-decane, n-octane, ethylbenzene, 
toluene and xylenes were identified. The source of these chemicals is clean This site is a drawing 
office working with various inks and printing material, and located adjacent to rooms processing 
photographic materials. Hence when pooled VOC's are calculated by adding the median 
concentrations of all the VOC's (including nicotine) together, Site 6 is seen to contain around 9 
times more VOC's than many of the other offices. 

It should also be noted that the peak toluene value averaged over one of the hour long, visits to 
Site 6 was a quarter of the odour detection limit, and the peak stryrene level of 79 pg m 3 was 
equivalent to the odour detection limit. This styrene level was observed on just one occasion in 
Site 9 (non-smoking, single occupant) and was also associated with higher than averaged levels 
of benzene, chlorobenzene, ethylbenzene, toluene and xylenes. 

In order to illustrate the numberof volatile chemicals present in the air of smokers' and non-smokers' 
offices. Figure 2 compares chromatographic profiles takem in Site 3 and Site 4, The two 
chromatograms may be directly compared as the 100% ion count has been adjusted for the volume 
of air sampledi in each visit. It is clear that the chromatograms are similar, apart from the peak 
corresponding to nicotine (representing 5pg m' 3 ) being present in the sample from the smokers' 
office. 
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Cigarette Equivalent Calculations 

Some authors (17. 19), have attempted to put the levels of ETS constituents into perspective 
through cigarette equivalent calculations, This exercise takes the median value of a constituent 
such as nicotine or UV-RSP and assumes that this is the constant exposure. A typical breathing 
rate and a time of exposure (e.g.the time spent in the office each day) is then used to arrive at a 
daily e xposure to the constituent. This is then compared to the delivery of the relevant constituent 
(nicotine or particulate matter) that would be obtained from smoking one cigarette. Such 
calculations are strictly an estimate of exposure and not dose, are only relevant to the quantified 
constituent andlnot total ETS; and take no account of the differences between breathing air and 
inhaling smoke. However, with these facts noted, the calculations are still ofi interest. 

So. if we assume a typical breathing rate at light work for a maid adult of 1.08 m 3 h 1 and for a 
female adult of 0.62 m 3 h ’ (24, 25), an exposure time of 7 hours per day, 5 days per week, and 
typical mainstream deliveries from UiK. style cigarette of 1.3 mg per cigarette nicotine andi 13.6 
mg per cigarette particulates, then cigarette equivalent calculations can be made, 

For nicotine, taking the median airborne nicotine value for smokers’ offices as 3.1 pgmi 3 , then a 
non-smoker present all day in the office would, on this average, be exposed to the equivalent of 
0,018 of a cigarette (male) or 0.010 of a cigarette (female). This means that a male non-smoker 
would'have to work in the smoker's office for over 11 weeks before being exposed to the equivalent 
nicotine as from smoking one cigarette. For females, this time would have to be 20 weeks. In 
other words, a female non-smoker would have to work for over seven and one half years in the 
smoker's office before being exposed to the equivalent nicotine of smoking a pack of 20 cigarettes. 

This is based on the median value. Even for the office with the highest median airborne nicotine 
(Site 2,18.1 pg m 3 nicotine), the nicotine cigarette equivalent values are 0.105 cigarette per day 
(male) or 0.06 cigarette per day (female). 

If the calculation is based on UV-RSP as being an estimate of the ETS contribution to respirable 
particulates and taking the median value from smokers'offices as 24 pg mi 3 , then the non-smoker, 
working, all day in the smoker's office would be exposed to the equivalent particulates of 0.013 
(male) or 0.0077 (female) cigarettes per day. This again would result in a male non-smoker working 
in the smokers’ office for 15 weeks before being exposed to the equivalent particulates as smoking 
one cigarette. For females this equates to almost 26 weeks. 

The highest median UV-RSP (Site 2,69 pg m 3 ) results in particulate cigarette equivalents of 0,038 
cigarettes per day (male) or 0.022 cigarettes per day (female). 

These calculations simply serve to illustrate that levels of ETS constituents in the smokers’ offices 
of this relatively well ventilated building are extremely small. 


CONCLUSIONS 

This investigation of chemicals in the air of smokers’ and non-smokers' offices in an air-conditioned 

building results in several conclusions, 

1. The levels of constituents related to ETS (nicotine and UV-RSP) in smokers' offices were 
found to be low, both in terms of industrial time weighted exposure limits and in comparison: 
to other chemicals present in the air. 

2. In cigarette equivalent terms, a non-smoking male would have to work in a smoker’s office 
for an average 11 weeks before being exposed to the nicotine equivalent of one cigarette. 
Based on particulates , this time extends to 15 weeks. For females, this equates to 20 : 
weeks (based on nicotine) or 26 weeks (based on particulates). 
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3* Both medians and ranges of ETS-related particulate levels are some ten times lower than 
those suggested by Repace and Lowrey (23) to be typical of U.S. office buildings. 

4. By comparing smokers' and non-smokers’ offices, and by observing values obtained for 
RSP and UV-RSP, it seems that, in this environment, ETS was a minor contributor to 
respirable particulate levels in air. 

5. The-presence of ETS resulted in a slight increase in CO levels, of the order of 0.1 ppm. 

6. ETS did not significantly contribute to levels of volatile organic compounds in office air. In 
direct conflict with the findings of the U.S. EPA TEAM study (14), our research suggests 
that tobacco smoking does not result in significant increases of compounds such as benzene 
in office air. 
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Formaldehyde Exposures from Tobacco Smoke: A Review 

Thad Godish, PhD 


Abstract: Reports of formaldehyde levels in mainstream, side- 
stream. and environmental tobacco smoke from nine studies are 
reviewed. Considerable disparity exists between formaldehyde pro¬ 
duction rates determined from mainstream-ridestream studies and 


those r epor t i ng levels in environmental tobacco smoke. Tobacco 
smoke does not appear to increase vapor-phase formaldehyde levels 
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Introduction 

Formaldehyde is a major oxidation by-product of com¬ 
bustion processes including tobacco smoking. It is produced 
in both the mainstream (MS), and sidestream smoke (SS), and 
has been repor ted in substantial levels in environmental 
tobacco smoke (ETS). 

Formaldehyde levels in mainstream, sidestream, and en¬ 
vironmental tobacco smoke reported by a number of investi¬ 
gators are summarized in Table 1. Reported studies vary in 
testing methodologies and expression of concentrations. Coxy 
centraooa units are those originally reported and those calcu¬ 
lated and standardized by the author from original data, assum¬ 
ing a smoking rate of 35 ml/puff and 10 pufls/tigarecc. 

As seen in Table 1 9 formaldehyde concentrations in 
m a ins tream smoke 1-4 ranged from about 10 pg/dgareoe to 
over 100 pgfei^rette. Differences in concentradons reflect 
differences in tobacco type and brand. Higher average 
concentrations reported by the Surgeon General in 1986* 
reflect those of regular non-filter cigarette*. 

Sidestream vapor-phase formaldehyde concentrations also 
varied somewhat. Ayer and Yeager* r e p orted L5-48 ppm. Ho¬ 
ffman's observations ranged from noodetcctable to 34.2 pg/ 
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cigarette, with an average of 12.1 ^cigarette for 16 di ff er e nt 
brands. 4 

Room or large chamber formaldehyde levels associated 
with environmental tobacco smoke*”* indicate that formal¬ 
dehyde concentrations in such rooms are high. For example, 
in the studies of Howled, et al* one cigarette smoked in an 
environmental chamber caused the formaldehyde level to 
increase to 0.21 ppm within a half hour. Formaldehyde 
production rates calculated from ETS concentrations (Table 
1) are substantially higher (one to two orders of magnitude) 
than those reported for MS, SS, and MS-SS combined. 

The considerable'disparity in for mald ehyde production 
rates determined from MS-SS and ETS studies suggests 
differences due to methodologies employed in sampling and 
analysis. In the mainstream-sidestream smoke studies re¬ 
ported by the Surgeon General 2 * 3 and by Hoffman. 4 gas and 
particulate phase material^ were separated by high-efficiency 
filtration! In studies by Weber, et al.* no attempt was made 
to remove particulate phase materials. Sundin 7 employed 
particulate phase filtration of unknown efficiency. Attempts 
to remove particulate phase materials i in E1S samples were 
not reported by Howlect, et a/,* and Kins, et alf 

In main* t ngxnw »id^<lT gafn smoke StUfllCS ,*" 4 Smoke SSO 
pies were analyzed by the 2,4 dinitrophenylhydrazexie-HFLC 
method which is specific for free formaldehyde. The chromat- 
ropic acid method* 0 on the other hand was used in the studies 
ofWeber, et al? and Sundin 7 ; it is likely to have becnemployed 

in the two other environmental tobacco smoke studies as wdl 

because it is the dominant method used to determine fonnal* 
dehyde concentrations in air. In the chromatropic arid method, 
formaldehyde forms a stable addition product on sa topic col¬ 
lection in sodium bisulfite solution. On analysis, the addition 
product is destroyed yielding free formaldehyde. Any solution 
which contains free formaldehyde, a formaldehyde additi on 
product, or organic compounds which produce formaldehyde 
on sulfuric arid destruction will test positive for formaldehyde. _ 

On analysis with the chroma tropic arid method, the * 
particulate phase of tobacco smoke has been shown to ^ 
contain appreciable quantities of formaldehyde-* This form¬ 
aldehyde may be present a* free formaldehyde dissolved in 
liquid water or it mzy be produced by the destruction of 
formaldehyde atidition products and possibly other or^ric 
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compounds in the solid or liquid phase* Because it is 
incorporated into their molecular structure, addition prod- 
ucts are unlikely to yield significant quantities of fret form¬ 
aldehyde under normal circumstances. Formaldehyde dis¬ 
solved in water can vaporize from the particulate phase, can 
remain in solution and react with other particulate phase 
compounds* or can remain in solution as free formaldehyde 
and then react with body tissues on inhalation. The potential 
for particulate phase tobacco smoke to produce and release 
free formaldehyde is unknown, and the health consequences 
of particulate phase materials are also unknown. 

Effect of Tobacco Smoking on Indoor Formaldehyde 
levels—Because of uncertainties associated with formalde¬ 
hyde in the particulate phase of tobacco smoke samples and the 
lack of specificity of the chronotropic acid method for free 
formaldehyde, reported ETS studies are oflimited usefulness in 
assessing the effect of tobacco smoking on vapor-phase form¬ 
aldehyde levels in indoor air. Formaldehyde concentrations in 
indoor air can. however, be calculated from production rates 
reported by the Surgeon General 2 * 3 and by Hoffman. 4 Ibe 
following “worst case** conditions are assumed: 1) 20 
cigarettes/30 minutes smoking rate; 2) production rates of 120 
and 34 ixg/cigarette for MS and S5; 3) MS formaldehyde not 
retained by smoker; 4) zero air exchange rate in a 30 m 3 
environmental chamber, and 5) no sinks or ocher sources 
present. Under these assumptions, 3080 |tg fennaldehyde 
would be produced resulting m a coocentiation of0.085 ppm. In 
a 194 m 3 space (typical of a single-wide mobile home) the 
concentration would be considerably lower (0.012 ppm). Even 
under these extreme circumstances, the effect of cigarette 
smoking on formaldehyde levels in indoor spaces would be 
negligible. This is consistent with the residential measurements 
of Dally, it ■«C ,# and Ritchie and Lehnen.^. 

/ Exposures to Smokers —Formaldehyde levels in main¬ 
stream smoke appear to be high. When dilution inspiration is 
taken into consideration, formaldehyde exposures on a per 
puff basis appear to be in the range of 1J-19 J ppm/puff. The 
cumulative daily exposure duration for a single pack/day 
consumption would be approximately 6 minutes and 40 
seconds; the cumulative daily dose, 188-2382 pg (depending 
on brand smoked). Exposures at the upper end of the range 
for a one pack/day consumption would be approximately 
equivalent to an exposure of 0.25 ppm 22 hours/day in a 
mobile home environment. . "-wr 

, : h Health Risks —Recent epidemiological studies indicate 
that formaldehyde exposures associated with residential 
environments am great enough to cause a variety of acute 
symptoms. 12- ! 3 Fonnaidehyde may also cause asthma. 14 * 17 
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In addition, the US Environmental Protection Agency 
(USE?A) has concluded that sufficient evidence exists to 
implicate formaldehyde as a human carcinogen. 1 * USEPA 
risk assessments predict that individuals with avenge expo¬ 
sures of0.16-0.19 ppm 16 hours/day for 10+ years in a mobile 
home have upperbound risks of L5-3.40 x 10* 4 . Mainstream 
tobacco smoke exposures would be expected to confer their 
own fonnaidehyde cancer risk and to increase the risk of 
upper respiratory system cancer associated with exposures 
to fonnaidehyde-contaminated indoor air. 
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'i»,ti»«:?u.s.c«» Residential Formaldehyde 

Increased exposure levels aggravate adverse health effects 


Thad Go dish, PHD; 


Abstract 

Residents of mobile homes and conventional homes with particleboard subflooring 
present were studied to determine the relationship between residential formaldehyde 
levels and the severity of a variety of reported health symptoms. Formaldehyde concen¬ 
trations were measured concurrently with occupant ratings of symptom severity. Levels 
were relatively low with median values in mobile homes of 012 ppm and 0.07ppm in 
conventional homes with particleboard subflooring. Significant relationships were 
observed for 16 symptoms including eye irritation, dry/sore throat, runny nose, cough, 
sinus irritation, sinus infection* headaches, fatigue, depression, difficulty sleeping, 
rashes, bloody nose, nausea, diarrhea, chest pain and abdominal pain A significant 
independent effect of formaldehyde on symptom severity was observed even after 
adjusting for potential confounding variables such as the presence of a smoker in the 
household individual age and season of the year. 


F ormaldehyde is a ubiquitous con¬ 
taminant of indoor air, particularly 
in residential environments where 
concentrations often exceed ambient (out¬ 
door) values by one or more orders of 
magnitude. Elevated levels have been 
reported 1 for mobile homes, for conven¬ 
tional homes with particleboard subfloor¬ 
ing, for urea*formaldehyde foam-insulated 
homes, and for a variety of conventional 
homes utilizing urea-formaldehyde based 
pressed wood products and finish coatings 
11,2.3,4*5). 

Formaldehyde is • potent mucous mem¬ 
brane irritant (6), is known to cause asthma 
(73). and has been implicated as a human 
carcinogen (9,10). Formaldehyde indoor 
air contamination has been the focus of 
numerous investigations of building-related 
health complaints (133) and several proe- 
pective (11,12,13) and retrospective (14, 
15) epidemiological studies. 

The study reported here is based on a 
statistical analysis of data collected in in¬ 
vestigations of homeowner/occupant com¬ 
plaints and requests for public health 
assistance. It was primarily designed to 
determine whether significant relation¬ 
ships exist between residential for¬ 
maldehyde exposure levels and the severity 
of subjective symptoms. It is based on a 
study protocol of formaldehyde sampling 
of two source residence types (mobile 
homes and conventional houses with par¬ 
ticleboard subflooring) with concurrent 
administration of a health survey ques¬ 
tionnaire and occupant ranking of symp¬ 
tom severity. 


Th»d Go disk Ph.D.. Director* tadoor Air Quality 
RMnrcb Laboratory, Ball Suw University, Muada 
IN 47306. 


Methods 

Data which served as the basis of this 
study were collected over a five-year period 
in a cooperative program of residential 
investigations, formaldehyde air testing 
and health surveys conducted by the In¬ 
door Air Quality Research Laboratory, 
Ball State University* the Industrial Hy¬ 
giene Division of the Indiana State Board 
of Health and seven county health de¬ 
partments. 

Study participants were drawn from 
households requesting air testing assis¬ 
tance from county health department#. 
Assistance was provided when requests 
were based on health concerns associated 


with indoor air quality. Formaldehyde 
sampling* source identification, and the 
administration of a health survey ques¬ 
tionnaire were conducted by trained county 
environmental health personnel 

Prior to each field investigation, prin¬ 
cipal occupants were advised to mainta in 
closure conditions (window* and doors) 
prior to (for a minimum of 12 hours) and 
during the scheduled air testing period. 

All formaldehyde sampling was con¬ 
ducted with bubbler samplers for a dura¬ 
tion of 90 minutes at a sampling rate of 1 
liter/minute. Samples were analyzed by 
the Industrial Hygiene Division of the 
Indians State Board of Health using the 
modified NIOSH chromotropic acid method 
(16). All samples were collected in a 15 ml 
solution of lft sodium bisulfite. Samples 
were shipped or transported directly to 
the analytical laboratory in Fisher naif toe 
polyethlene bottles A minimum of one 
formaldehyde sample was collected in the 
major living area of each residence 

Each residence was inspected to iden¬ 
tify major formaldehyde sources A health 
survey questionnaire was administered to 
only those occupants present At the time 
of the interview, neither the respondent 
nor the interviewer knew what the formal¬ 
dehyde concentration was in the house. 

Each occupant present (12 years or 
older) was asked to rate the severity of 22 
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health symptom* on s scale from zero to 
four, adapted from Evan*, at al (16): (0) 
do symptoms, (1) slight-symptoms present 
without tKmkiny about it but not annoy¬ 
ing, (2) moderate-lymptoma present with¬ 
out thinking about it but ia annoying, (3) 
severe-symptoms limit activity, and (4) 
very severe-symptoms art incapacitating, 
resulting in a discontinuation of ongoing 
activity. Occupants war* further inter- 
viawad to obtain demographic data and' 
other information. 

Data ware analysed by the application 
of standard statistical procedure* utilis¬ 
ing the statistical package for the social 
sciences (SPSSX)i Chi-square analysis 
was applied in the initial data analysis to 
determine interrelationships between 
demographic characteristics, bouse fac¬ 
tors, season of the year, residential for¬ 
maldehyde levels and the frequency of 
symptom*. 

Spearman's rank correlation test was 
applied to the formaldehyde level and in¬ 
dividual gymptom severity ratings of resi¬ 
dent* Multiple regression analyses were 
applied to symptom severity indices de¬ 
veloped for three symptom groupings in¬ 
cluding those affecting the lower respiratory 
system (Cough, wheeling, difficulty breath¬ 
ing), mucous membranes (eye irritation, 
eys infections, sinus irritation, sinus infec¬ 
tion, dry/sore throat, runny nose) and cen¬ 
tral nervous system (headaches, dizziness, 
depression, difficulty sleeping, memory 
loss, sensations in extremities). Indices 
were developed' by summing severity 
ratings in a symptom grouping for each 
respondent 

Formaldehyde level* were log trans¬ 
formed (base 10) to normalize the dis¬ 
tribution of this variable for inclusion into 
the multiple regression modtl as an in¬ 
dependent variable. Potential confound¬ 
ing factors, such as age, season and the 
presence of a smoker in the household, 
were included in the multiple regression 
analysis to evaluate relationships between 
symptom severity and residential for¬ 
maldehyde levela A probability level of 
0.05 was considered significant 

Results 

Formaldehyde levels in the study popula¬ 
tion of 61 mobile homes and 52 conven¬ 
tional homes with particleboard subflooring 
are summarized in Tablk 1. In both hous¬ 
ing groups, median formaldehyde levels 
wererelatively low; 0.12 ppm in mobile 
homes; 0.07 ppm in conventional bouses 
with particleboard subflooring In the for¬ 
mer, 40% of formaldehyde values were 
less than 0.10 ppm, the ASHRAE recom¬ 
mended guideline for indoor air. In the lat¬ 
ter, 67% of formaldehyde value* were 
below the ASHRAE guideline. 

Chi-• quart analyse* applied to deter- 
mine the inter- relationships between demo- 
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Table 2 


Spearman’s Rank Order Correlation betwe e n Residential Formaldehyde Levis 
end individual Symptom Severity Ratings 

Mobfte # with PB aub- #with Poolad #wfth 

Hornet symptom flooring symptom i data symptom 


Symptom r« r- r- 


Eya irritation 

05007** 

46 

0:1362* 

30 

05116** 

76 
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14 
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9 
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23 
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05849** 

60 
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0.1785** 

65 
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54 

0.1881** 

119 
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05185** 

60 
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S«l 

0.1419** 

111 

Sinus Irritation 

05317** 

09 

0.1634* 

55 

05595** 

124 
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05848** 

31 

0:0563 

20 

0.1832** 

51 

Difficulty 

Braathing 

0:0761 

46 

0.0230 

32 

0.0842 

78 

Haadachas 

0.1688** 

61 

0.1866** 

44 

0.1988** 

106 

Dizzinaaa 

0.0356 

29 

0:0719 

20 

0.0712 

49 

Fatigua 

0.3352** 

61 

0.1671* 

41 

05748** 

102 

Dapraaaion 

05036** 

36 

0.1079 

23 

0.1862** 

59 

Difficulty 

Slaaping 

0.1638** 

56 

0.1752* 

33 

05069** 

92 

Rashes 

05111** 

24 

0.0622 

19 

0.1931** 

43 

Bloody Noaa 

0.1254 

11 

0.1340* 

10 

0.1306* 

21 

Nauaas 

0.1130 

19 

0.1768* 

15 

0.1454** 

34 

Diarrhaa 

0.0681 

26 

0.0721 

10 

0.1217* 

36 

Chaat Pain 

0.0690 

27 

05276** 

20 

0.1764** 

47 

Abdominal Pain 

0.1014 

20 

0.1593* 

16 

0:1426** 

36 

Manttrual 

ftrnhlams* 

rrootems 

0.0668 

6 

010560 

7 

0.0603 

13 
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0.0911 

26 

■0:0488 

25 

0:0335 

51 

Asthmatic 

0.0774 

9 

■0.0087 

15 

0:0207 

26 

Attacks 

Extramity 

•0.0658 

7 

■0.0395 

8 

•0.0623 

15 

Sensations 
Memory Loss 

•0.1108 

9 

■0.0650 

7 

-0.0788 

16 

Muscular Pain 

•0.0365 

9 

0.0503 

6 

0.0234 

17 


• p<&06 

7P < aoi 

* women betw een 12 end 4S years of age 


graphic characteristic*, season of the year, 
residential formaldehyde levels and symp¬ 
tom frequency revealed that females had a 
significantly higher frequency of head¬ 
aches, fatigue, depression, difficulty in 
sleeping and abdominal pain than men in 
the study. 

Occupants of homes where a smoker 
resided reported significantly higher fre¬ 
quencies of eye irritation, dry/sore throat, 
runny noee, cough, headache, depression, 
sinus infection, dizziness, fatigue, dif¬ 
ficulty in sleeping and chest pain than 
occupants of homes in which no smokers 
resided. 

When the effect of season was evaluated, 


diy/sore throat, runny note, sinus infec¬ 
tions, headaches, dizziness, nausea and 
chest pain were more frequent in the spring 
months. Higher rates of runny nose, fatigue 
and depression were observed in the win- 
ten High reus of fatigue and depression 
were also obeervedjdilPPf the falli No 
significant relationships were observed 
between symptom frequency and the type 
of cooking stove (gas vs. electric) or type of 
heating system (gas vsj electric). 

Results of Spearman's rank correlation 
between individual symptom severity 
rating* sod formaldehyde levels art sum¬ 
marized in Table 2. Significant relation¬ 
ships between formaldehyde levels and 
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Suunnry. Id order to assess the uptake of benzene from 
Environmental tobacco smoke (ETS) and to estimate its 
contribution to the total body burden of benzene ob¬ 
served in non-smokers, two experimental studies have 
been conducted. Controlled exposure to high levels of 
ETS equivalent to 10 ppm CO for 9 b and 20 ppm for 8 b 
resulted in a nonsignificant increase in Mood benzene 
levels and a significant increase in exhaled CO, COHb 
and cotinine in serum and urine. The slightly rising blood 
concentration of benzene following experimental ETS ex¬ 
posure was paralleled by an increased exhalation of ben¬ 
zene and aromatic hydrocarbons and in contrast to blood 
levels, this increase was significant. The blood levels of 
benzene obtained during exposure were comparable to 
those observed :at the time of admission to the laboratory, 
when biomarkers of ETS uptake, e g. cotinine in serum 
and urine, were at the limit of detection, thus demonstrat¬ 
ing that these background levels were not from ETS ex¬ 
posure. No difference in the urinary excretion of phenol, 
the main metabolite of benzene, was found dtuing the ex¬ 
perimental periods. The background levels of urinary 
phenol in unexposed nonsmokers were rather high, de¬ 
monstrating; that phenol excreted in urine must be 
formed from several endogenous and exogenous precur¬ 
sors. In the ligth of our findings it is highly questionable 
whether exposure to benzene from ETS under real life 
conditions poses a cancerogenic risk to the general popu¬ 
lation,, which is measurable today or in the future by 
toxicological or epidemiological methods. 

I 

Key words: ETS - benzene - biomonitoring - risk evalu¬ 
ation' 
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Imredncdon 

Benzene is a human carcinogen that is ubiquitously 
found in the environment (WHO 1987; IARC 1988; 
Gesundbeitsscbidlicbe ArbeitsstofTe 1989). Foremost 
among its many sources is automobile emissions. In the 
Federal Republic of Germany approximately 42000 tons 
of this pollutant are estimated to be emitted into the en¬ 
vironment on as annual basis. Additional sources, in¬ 
cluding petrochemical industry emissions, industrial and 
borne beating systems annually contribute another 4000 
tons of this pollutant (BUA-StofIbericbt l988). 

Benzene and other aromatic hydrocarbons are 
formed during the burning of tobacco (Hoffmann et al. 
1989). While the yield of these hydrocarbons in main¬ 
stream smoke that is inhaled by the smoker can be selec¬ 
tively reduced by charcoal filters (HofTmann et al. 1989) 
and by ventilation (Kiefer 1978), tbe concentration in 
sidestream smoke, the major portion of environmental 
to b a cc o smoke (ETS), cannot at present, be effectively 
diminished. 

Sidestream smoke of a burning cigarette emits: be¬ 
tween 120 pg and 480 pg benzene into tbe ambient air 
(IARC 1986). Since approximately 130 billion cigarettes 
are consumed in this country on an annual basis. ETS 
might be expected to be responsible for as much as 0.1*/* 
of tbe national burden of this pollutant. In contrast, how¬ 
ever, to the benzene released from industrial and automo¬ 
bile sources, which is generally distributed in tbe outdoor 
air before it penetrates into offices and dwellings, ben¬ 
zene from cigarette smoke is mainly emitted directly into 
the indoor environment 

In order to assess tbe uptake of benzene and other ar¬ 
omatic hydrocarbons through passive smoking, we have 
conducted two experimental studies with n onsmok ers. In 
tbe first study, eight nonsmokers were exposed 1 to ETS 
equivalent to a CO concentration of about 10 ppm 1 for 
9 hi Blood samples and exhaled air were examined for 
benzene and other biomarkers before, during and after 
exposure to ETS. In the second study, five nonsmokers 
were exposed to the gaseous phase of ETS equivalent to 
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about 20 ppm CO od one day and whole ETS at the same 
concentration on another day. Blood samples were ana¬ 
lysed for ben 2 ene and for markers of ETS uptake Urine 
samples were evaluated for the presence of metabolites 
and for mutagenicity. 


Materials and methods 

Id study 1. eight healthy mak Donsaokm (aged 21-40 yean) and 
three smoken took part in the investigation. They reported to the 
laboratory on Monday evening and remained there until the termi* 
nation of the study on Wednesday morning In study 2, five healthy 
male nonsmokers aged 23-29 yean and five smoken suytd in the 
laboratory from Saturday evening until the following Friday aim¬ 
ing All subjects completed a questionnaire on aoboecoooauc and 
life-style Uaon as well as their noting habits, ETS exposure and 
the meah they had consumed during the preortng 41 h. During 
both studies, the subjects ate a defined diet low in potyaromatic hy¬ 
drocarbons (Marun et al. 1989) This diet was identical in quality 
and quantity on each day of the inmtiption. Smoken were not al¬ 
lowed to smoke in the laboratory except duns g the experimental 
smoking periods. 

Protocol study / On the day after admission to the laboratory 
(Tuesday), the eight nonsmoken spent 9 h (10.30 a.m. to 7 J0 pm) 
in a furnished room (45 m y ) dunng which time three smokers 
smoked a total of 102 cigarettes. Smoking frequency was controlled! 
so that the CO concentration in the room air was maintained at 
around 110 ppm The subjecu wen allowed to leave the room only 
for sampling of blood and exhaled air. Blood and exhaled air were 
sampled according to the time schedule indicated in Fig 1. Two 
unne fractions were collected: the first sampling period lasted from 
the evening w hen the subjecu arrived at the laboratory until the next 
morning (about 12 h)j while the second urine fraction collection 
continued until the morning of the next day (24 b). 

Protocol study 2. On the first day of the study (Sunday), the 000 - 
smokers remained in the laboratory to fuarantae that they had no 
ETS exposure. On the second day (Monday), they spent l b <1.30 
a m to 4 40 pm.) in a furnished room (45 m’) without any ETS ex¬ 
posure On the third day (Tuesday), they were exposed for I h (8.30 
am to 4 JO p.m) to the gaseous phase of ETS produced by five 
smokers m the same room smoking 120 cigarettes. Tie nonsmoking 
subjects wore masks equipped with filters (Sckur Folimask OC. 
Filter classes Pi and P2. Pirelli. FRG), which removed more than 
99% of the paniculate mass from the inspired air. On the fourth day 
(Wednesday). subjecu remained in the room, as on the second day. 
without exposure to ETS On the fifth day (Thursday), the non- 
smokers were exposed to whole ETS for 8 b (8.30a m to A30p.m4 
sitting in the room without masks. The smoken generating the ETS 
in the room smoked the same number of dgareucs according to the 
same time schedule on the third day. 

Blood and exhaled air were sampled at the times indicated in 
Fig 2. Unne wu collected at intervals of 24 h beginning at 8.00 a.m. 
on each day. The analyses outlined in the present paper are based 
only on data obtained from the passive smokers. 

Air monitoring For study 1 and study 2. air sampling tubes were in- 
sulld^at breathing height of a seated person at the end of the room 
opposite to where the smokers sat. Carbon monoxide was measured I 
continuously by an infrared CO monitor UNOR 6N (Fa- Maihak. 
Hamburg. FRG) Nitrogen oxides (NO/NO,) were detected by a 
chemiluminescence monitor using a nitrogen oxide analyser, model 
8840 (Mbnitur Labs Ihc.. USA) Air nicotine was determined ac¬ 
cording to the method of Ogden (1984) The alkaloid was absorbed 
onto XAD-4 resin with an air ftowi^tc of 11'min Sampling times 
were 4 h on the sham-exposure days and 2 b on the exposure days. 
Formaldehyde was absorbed on Sep-PAK C lt (Waters Associated. 


Milford. Mass . USA) coated with 2.4-dimtrophenylhydrazme and 
determined by HPLC (Kuwau et al. 1983); Flow rates and sampling 
times were the same as those for nicotine Respirable particles were 
determined gravimetrical!y according to the method of Oldaker et 
al (1990) The sampling flow rate was 1.6 i/nun. Sampling periods 
were similar to those for mcoune In study 2. polycyclic aromatic hy¬ 
drocarbons were detected according to the method of Gnmmerei 
al. (1967). The sampling period was 8 b The filter system consisted 
of a siliconized glass-fibre filter and a Pora Pak PS filter for sam¬ 
pling panicles and semi-volatiles, respectively. 

Benzene as well as ethylbenzene, toluene, m- and p-xylene and 
•-xylene (BTX) were measured by a modification of the NIOSH 
method (NIOSH 1964) using gaschromatograpby/mau spectrome- 
try after absorption on charcoal tubes (Driger AG. Lubeck. FRG) 
and elution with carbon disulfide (NIOSH 1964) Sampling time 
vanged from 10 nun to 60 min with flow rates ranging from 0.51/ 
min to 2 l/min. 

Except for nicotine, the same compounds were also measured 1 
applying the same sampling conditions on the sham-exposure days 
Carbon monoxide and nitrogen oxides were determined ofT-bnc in 
air samples collected in 54 plastic air bags by means of a hand 
pump. 

BiommUotmg Carboxyhaetnoglobin (COHb) was dertermined 
gpecuophotomethcally on fresh Mood samples with an 1L 2*2 CO 
oximeter (IL 262. Instrumentation Laboratories Ltd.. USA) Nico¬ 
tine wu determined in plasma and unne by gas chromatography 
(Hengen and Hengtn I97|) and cotininc in plasma by radioimmu¬ 
noassay (Lugonc et al. 1973). Thioethm were measured in unne 
by quantifying the sulfbydryl groups with Elhnan's reagent after 
alkaline hydrolysis of the thioeiber bonds according to the method 1 
of Hemooen et al. (1983) as modified according to Annger and U- 
dums (1968). 

Urinary mutagenicity wu determined as previously described 
using the Salmonella typfumuruon mammahan microsomc assay. 
Strain TA98 wu utilized u the tester strain (Scherer et al. 1987). 
The following modifications to this method were employed 500 ml 
urine wu used for extraction and loaded XAD-2 columns were 
washed with 100 ml methylene chloride. The evaporated cluate wu 
dissolved in 0.75 ml dimethylsulpboxide The lest wu performed 
with 10-. 25-. 30-. and 75-gd aliquots of this extract These ahquou 
were equivalent to 6 7,16.7; 33 J. and 50 ml imne. rtspecuvtly. The 
spontaneous mutation rate in the presence of S9 mix (supernatant 
derived from the centrifugation of the bvtr bomogluaic at 9000 g) 
wu 33-55 revertanu plate. 

Benzene in 2-rnl Mood samples wu determined by dynamic 
bead-space chromatography and I flame ionisation detection u de¬ 
scribed elsewhere (Angerer et al. 1990) Briefly, the volatile organic 
compounds are purged from the incubated Mood mis (30 nun at 
60* C) by nitrogen and collected at - 30* C on a Tenax absorption 
tube (3 mg) Transfer from the trap to the capillary column (DB 
1301)of the guchrosatofrapb (Siehroaat 1-4 Siemens. FRG) wu 
made by fluh beating (300* C) of the trap The calibration wu car¬ 
ried out with spiked animal Mood samples m the range of 0 j 2^10 |I| 
benzene;). 

Carbon monoxide in exhaled air wu determined by a UNOR 
6N CO monitor (Maihak. FRG). Breath sampling for BTX mea¬ 
surements wu performed according to the procedure of Pcllizzah et 
al. (1988) Briefly, the subjects inhaled purified air from a 60-1 Ted- 
lar bag and exhaled it via a breathing valve into a second 604 Tedlar 
bag The procedure luted about 10 min until about 401 exhaiatt 
wu sampled A 30-1 sample of the exhaled air wu pumped through 
a charcoal tube (Driger AG, Lftbcck, FRG) at a flow rate of !.*- 
21/sain and BTX wu determined u described for ambient air 
samples. 

Statistical analysis The r-test for pa ired s amples (exposed versus 
non<xposed) was applied For MoodTRI plasma parameters, the 
level in the respecuve morning sample before sun of the exposure 
wu used u the noo-exposed reference value. In the case of unocpa¬ 
rameters, the level in the unne fraction before exposure was used as 
the Don-exposed reference value. 
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Results 

The time-weighted average concentrations of gas-phase 
components as well as of particulate matter to which the 
nonsmokers were exposed in the first study are summa¬ 
rized in Table 1. A strong wind prevailed during the study 
period, ventilating the experimental room through its 
poorly sealed windows. This could account for the low 
background levels of measured constituents that were ob¬ 
served during study 1i as well as the high smoking rate, 
which'was necessary to reach and maintain a constant 
ETS concentration equivalent to about 10 ppm CO. 

The biomonitoring results for the nonsmokers in this 
study are shown in Fig. 1L The high COHb levels and the 
ekvated amounts of CO in the exhaled air as well as the 
increased!concentrations of cotinine in serum and urine 
indicate that ETS exposure was high and not representa¬ 
tive of what can be expected in real-life settings. We 
found a slight increase in the blood benzene concentra¬ 
tions at the beginning of the exposure period with the 
maximum level not exceeding that observed in the sub¬ 
jects upon admission to the laboratory. The observed 
benzene level noted upon admission to the laboratory 
could not be dtw to ETS exposure since cotinine in both 
serum and urine was at the level of detection and there¬ 
fore not indicative of recent ETS exposure. Upon ETS 
exposure in the laboratory, the increase in blood concen¬ 
tration of benzene was paralleled by an enhanced exhala¬ 
tion of benzene and other aromatic hydrocarbons in ex¬ 
pired air. In contrast to the blood levels of benzene, this 
increase in exhaled benzene was significant. 

. In order to maximize the probability that the inhala¬ 
tion of ETS compounds leads to an increase in biological 
markers in body fluids above the detection limit, a second 
experiment under even more extreme ETS exposure con¬ 
ditions was carried outi The time-weighted average con¬ 
centrations of ETS components the nonsmokers were ex- 


TaMt 1. Concentration of gaseous-phase c o mpone n ts and panic¬ 
ulate matter in an experimental room before, during and after 
smoking 102 cigarettes in 9 hi Data art time-weighted avenges: 
16b before. 9h during and I h after smoking (study l) 


Component 

Coe tent 



Before 

During 

After 

smoking 

Caseous phase 




CO (ppm) 

04 

9.5 

0.6 

NO, (ppm) 

24.7 

1873 

17.8 

Formaldehyde (pg. m*> 

23 

ISO 

40 

AccuJdehyde (pf/m 1 ) 

19 

653 

17 

Nicotine <pfjs J ) 

06 

636 

6.8 

Benzene (pim*) 

4.8 

601 

3.0 

Toluene (pg/m*) 

157 

286.2 

17J 

Ethylbenzene (pf/m 1 ) 

3.1 

18 1 

2-0 

m.p-Xylene fpg m*) 

68 

53J 

51 

p-Xylene (pg/m 1 ) 

80 

248 

7.0 

Paniculate matter 




Respirable 




suspended 




panicles (pg m') 

25 

1803 

52 



after experimental environmental tobacco smoke exposure. Zbe 
defied lints indicate the 9-h ETS eaposure session 


posed to in this study are summarized in Table 2: A 
smoking-related increase is clearly seen in all parameters 
measured. Some particulate matter constituents drespir- 
able suspended particles. benzoMpyrene. benzoje}- 
pyrene. benz(a]anthracene) show higher concentrations 
on the fifth day than on the third-day even though the 
same number of cigarettes was smoked: The reasons for 
this are unclear. The poor ventilation conditions in the 
room on this dky with high temperatures <28-35 C) and 
a high relative humidity could have affected the measure- 
menu. __ 
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TaMt 2. Ajt mowtonnj to the experimental room. Data are time- 
wei|bted avertfe* for (be t-b expoiure teutons 


Component 


Yield on days 





2 

3 

(120)* 

4 

5 

(120)* 

Caseous phase 

CO 

(ppm) 

14 

24 

2.0 

24 

NO. 

(ppb) 

38 

422 

56 

449 

Formaldehyde 

(Him*) 

3 

48 

3 

49 

Acetaldehyde 

(Him*) 

290 

1450 

85 

1390 

Propionaldehyde 

(Him*) 

15 

120 

14 

120 

Nicotine 

(14®*) 

4 

71 

6 

71 

Benzene 

( Ml ®*) 

t 

190 

12 

206 

Phenanthrene 


138 

154 

nd 

251 

Pyrene 

(ng.®*) 

29 

24 

nd 

25 

Paniculate matter* 

RSP 


77 

3181 

71 

4091 

BaP 

(mm*) 

0 J 

21.5 

0.3 

26.7 

Be? 

(ng:m’) 

0.8 

21.5 

0.8 

24.9 

Coronenc 

<ng,m*) 

OjI 

2.8 

06 

22 

Amhanihrtne 

(arm*) 

006 

3.9 

0.07 

31 

Benzfluoramhenes (arm*) 

it 

32:3 

1.7 

553 

ib-j+k) 

Chrysene 

(ng m*) 

1.8 

542 

1.5 

70.5 

BaA 

<ngm*) 

2.1 

189 

1.1 

26.2 

Phenanthrene 

(ngm*) 

37 

6.8 

1.8 

7.4 

Pyrene 

(ng.-m*) 

0.6 

176 

0.7 

20.5 

NNN 

(D|TD*) 

1 

4 

1 

5 

NNK 

(B|1D*) 

1 

9 

1 

6 


* On days 3 and 3 120 cigarettes were cmolced in 9b 

* RSP. respirable suspended parades; BaP. beiu»(a)pyreot; BeP. 
bcnzo{r]pyrcne: BaA. bcnz(a)anihncene; NNK. 4-<N-njtroto- 
mtthyiamjnoH-O-pyndylH-butanooe; NNN. N-tutrotonortuco- 
unc 


Phenanthrene and pyrene were found in both panicu¬ 
late matter and the gas phase of ETS (Table 2): They are 
more abundbnt in the gas phase of ETS, although the 
background levels for both substances were rather high, 
particularly for the volatile component. Concomitantly, 
the background levels for NO, and acetaldehyde were 
also high. This is certainly due to the environmental air 
pollution around the office building, which is located in 
the center of the city of Munich. 

The biomonitonng results for the nonsmokers in this 
study are shown in Fig. 2a, b. COHb, nicotine in plasma 
andiurine and thioetber excretion in urine increased after 
exposure to both gas phase and whole ETS. The rise in 
urinary thioeiher excretion due to both exposures is only 
of borderline significance, whereas the increases in 
COHb and nicotine are significant when compared to the 
pre-exposure levels. After exposure to whole ETS, uri¬ 
nary mutagenicity seemed to be slightly elevated. How¬ 
ever.a similar elevation was measured on the second day, 
before there was any experimental exposure to ETS 
(Fig. 2 a). There was a slight increase in the benzene levels 
in blood after exposure to gas-phase and whole ETS. but 
the benzene concentrations obtained were no higher than 
those measured before exposure during the day after ad¬ 
mission to the laboratory (Fig. 2 b). These levels were not 
caused by ETS exposure, because the cotinine serum andl 
urine concentrations were lower than 2 ng, ml and 2 jig/ 


24 h; respectively No difference in the urinary excretions 
of phenoll the main metabolite of benzene, was found 
dining the experimental periods. The background levels 
of urinary phenol were rather high, suggesting that 
phenol excreted in urine must be formed from several en¬ 
dogenous and exogenous precursors. The same applies to 
m- and p-ctesol. 

Our findings are in line with the fact that exposure 
agents such as CO, nicotine, benzene and many electro¬ 
philes (giving rise to thioeiher formation) are constitu¬ 
ents of the gas phase of ETS since they are found follow, 
ibg exposure to gas phase alone as well as to whole 
ETS. 


As teen in Table 3, the uptake of particulaie-pbase con¬ 
stituents by passive smoking is up to three orders of mag¬ 
nitude lower whereas tbe uptake of gas phase compounds 
is only less than one order of magnitude lower than with 
active smoking. Therefore, it is evident that for passive 
smoking, exposure to tbe gas phase is more relevant than 
exposure to the particulate phase of ETS. The increases 
in COHb. nicotine, cotinine in plasma, and in the urinary 
excretion of nicotine, cotinine and thioetben arc aUidue 
to the uptake of gaseous-phase compounds This, as well 
as tbe fact that urinary mutagenicity did not change dur¬ 
ing exposure to ETS. has been discussed in a previous 
^per (Scherer et al. 1990). (MI 

■ns this study, we ha ve investigated the uptake of a ipe- 
goal gaseous-phase compound, i. c. benzene, through pas- 
Bsive smoking. Under the exposure conditions chosen; an 
[increased benzene level in blood as well as in exhaled air 
[was found. Phenol; the major metabolite of benzene 
|(Snyder 1987; WHO 1987; Norpoth 1989). was not vr 
creased in the urine of nonsmoken after ETS exposure. 
The high urinary excretion of phenol indicates that there 
are many precursors of exogenous and endogenous ori¬ 
gin and that the contribution by benzene dite to ETS ex¬ 
posure even under extreme conditions is not significant. 

The ETS exposure concentrations equivalent to 
10 ppm CO, as used in tbe first study, resulted inurinary 
cotinine levels that were about twice as high as had been 
measured in 20% of two free living populations of non- 
smokers reporting tbe highest levels of ETS exposure 
(Bechet et al. 1987; Haley 1989). If this comparison is 
made, it has to be considered that in our study, after hav¬ 
ing reached a steady state within several exposure days, 
the urinary cotinine excretion would have been much 
higher. 

Although tbe data of Wallace (1989) indicate such a 
possibility, it remains doubtful wbetbeT an increased ben¬ 
zene concentration in blood or in exhaled air, as observed 
after an ETS exposure, can be found under real-life con¬ 
ditions. Median levels of benzene in 200 homes without 
smokers in the USA were 7 pg/m\ while: in 300 homes 
with one or more smokers 10.5 ugm* were measured 
(Wallace 1989). In a study of SOQhomes in the Federal 
Republic of Germany, median values of 6.5 ug m* were 
found in nonsmoking homes and lil ug m 1 in smoking 
homes (Krause et al. 1967); In two other studies, no dif- 
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Fig: 2ft. b. Biomoniioring Tor study 2: results arc pmerued at means 
with standard deviation bars for five nonsmokert during the course 
of the study. The doittd rangts indicate gas-phase ETS exposure 
(day 3) aod whole ETS exposure (day 3) 


45 tig benzene per day at the highest. This is about 10% 
of the dbily benzene intake in a nonsmoker and about 3% 
in a smoker (WHO 1087). 

As can be seen from Table 4. benzene concentrations 
in indoor air of an office building located in t he center of 
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ference was found in homes (Proctor et al. 1990a) and of¬ 
fice buildings (Proctor et al. 1989) with and without 
smokers. If benzene intake, based on a 24 h respiratory 
volume of 20 m J at rest, will be 10 pg per day for each 
1 gig per m* in the air, ETS exposure may contribute 
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TtMt 3. Estimated dene ratio betwe e n smoking (20 ctfarettn/day) aod pastivt smoking (I b/dsy)* 


Tobacco smoke eonstitunts 


Smoking* 

(S) 

Passive 

SDOklD| r 

(PS) 

Dote ratio 

(S/PS) 

Gaseous phase 

CO 

(Of) 

40 - 400 

1414 - 

96 

17- 4J 

Formaldehyde 

(mg) 

0.4 - 1.1 

0.0* - 

04 

4-5 

Volatile mtroaamiaes 

(MI) 

0.05- 1.0 

0.03 - 

0.4 

1.5- 2J 

Particulate matter 

Panicles 

(m|) 

75 - 300 

0.024- 

0.24 

1250 -3000 

Nicotine* 

(mg) 

7.5- 30 

0.08 - 

0.4 

75-90 

Bciuo(a)pyme 

(Ml) 

0.15- 0.75 

0:001- 

0.011 

70 - 150 

raHwiimw 

(Ml) 

1l5 

0.001- 

0.014 

110 -1500 

Tobacco-spaafenrtrostmmi 

• (Ml) 

4.5 - 45 

01002- 

0.0)0 

2300 -4500 


* Data art compiled from Steritag aad Dmocb (1912), lAJtC (1984). Surpeoe Gwnl (1916), Kins aad ieguner (1917): 

* Assumed deposition rate for particulate utter 75% (Hisds ct at. 1913) 

* Assumed breathing volume: 0.5 m’/h; assumed deposition rate (or particulate matter. MS (Kite at al. 1912) 

* Nicotine it parodt-bound a maia-etratm aad a pss-phaee constituent m ETS (Body at aL 1986) 


Tabb 4. Aeueoc, tohnae aad lyieac measurements in aa offioe building ia the mater of Munich aad ia a minibus driving through the 

city of Kfucicb 


Date/time 

Locanon/eventt 

Amount (pg/**) 

Inane Toluene 

gthyfr 

m^Xylene 

wXytat 

11 Oct. 1919 
19.30-J9.40 

Office budding 

31 

195 

16 

54 

16 

21.30-2140 

Office budding 

32 

103 

16 

49 

16 

23.20-23.30 

Office budding 

16 

31 

5 

22 

3 

17 00.1919 
01:35-08.50 

Driving into the enter, dense traffic 

6* 

141 

26 

90 

34 

09.30-09-40 

Driving near the main station, passing a tunnel, 
stop and go 

102 

191 

38 

128 

45 

1000-10.10 

Driving through the enter, stop and go 

102 

211 

45 

147 

51 

10.30-10.40 

Driving back to the office budding, stop and go 

64 

153 

32 

96 

31 

11.00-11.10 

Driving out of the enter, dense traffic 

51 

131 

24 

•3 

32 

11.14-IU0 

Stop at a gasoline station, refuelling 

1000 

3400 

700 

2400 

1000 

11.30-11.40 

Parking about 30 m away from the gasoline station, 
tight traffic passing 

32 

102 

26 

S3 

32 

1200-1X10 

Driving back to the enter, dense traffic 

64 

153 

26 

109 

31 

12 30-1X40 

Driving in the enter, dense traffic 

141 

275 

51 

166 

64 

13100-13.10 

Stop dose to a park in the enter, tempting outside 
the car, 20s away from the road 

39 

13 

19 

SI 

19 

13 J0-13.40 

Some location but tempting in the ear, parking 

45 

96 

19 

SI 

19 

14.00-14.10 

oo the road 

Driviag ia the center, light traffic 

31 

13 

19 

51 

19 

14130-14.40 

Parking in front of the office budding, dense 
traffic passing 

94 

191 

3* 

134 

45 

15:00-15.10 

Driving in the enter, dense traffic 

70 

147 

32 

102 

31 

15.17-15 JO 

Stop at a gasoline station, refuelling 

13000 

2S500 

3700 

13600 

4600 

15 JO-15.40 

Parting 50 m away from the gasoline station, 
tight traffic pairing 

94 

377 

102 

441 

166 

1600-16.10 

Parking on a road with dense traffic pairing 

51 

128 

22 

109 

31 

16 JO-16.40 

Parking in front of the offioe budding, normal 
traffic passing 

24 

96 

32 

121 

51 

1700-17.10 

Driving dose to the main station, dense traffic 

•3 

173 

31 

147 

51 

17J0-17.40 

Office budding 

19 

51 

13 

32 

13 


the city or Munich amount to up to 58 pf/m*, while in a 
small bus occupied with eifbt subjects and driven 
through die city, values of up to 141 pg/m* can be mea¬ 
sured. Additionally, during stops at two different petrol 
stations, 1000 and 13 000 pg/nr benzene in the air inside 


the bus were measured. Smoking;was not allowed either 
in the office building or in the bus. Our findings of ben¬ 
zene in the outdoor air of the city of Munich help to ex¬ 
plain why the benzene levels found in blood and exhaled 
air of the oonsmokeis were as high as were observed 
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upon (heir admission to the laboratory. The values ob* 
pined in this experiment are consistent with published 
outdoor data (BUA-Stoffbericht 1988; Fishbein 1988; 
Wallace 1989) and do not represent the extreme concen- 
stations that have been found at certain workplaces 
(WHO 1987: BUA-Stoffbericht 1988; Fishbein 1988; 
sorpoth 1989). As in indoor environments. the differ¬ 
ence between benzene concentrations in buses where 
smoking was prohibited or allowed was small. In the air 
of smoking-prohibited buses a median level of 14 pg/m 1 
(range 4-25 pg m*) was measured, while the value in 
smoking-allowed buses was 12.1 pg/tn* (range 1.4-49 ua, 
m , H'Proctor et al. 1990 b). 

As stated previously, benzene is an established human 
carcinogen (WHO 1987; IARC 1988; Cesundheitss- 
chidliche Arbeitsstoffe 1989). This has been revealed in 
several epidemiological studies of workers exposed to 
high concentrations of benzene over longer periods 
(Goldstein 1985; WHO 1987; Austin et al. 1988). In ani¬ 
mal studies multipotentia! carcinogenic effects of ben¬ 
zene were found after high exposure doses (> 32 mg/m 1 ) 
(WHO 1987). For the most pan. they were limited to 
aonhaematological tissues. In ran and in mice, for ex¬ 
ample benzene appears to be strongly related to the oc¬ 
currence of carcinoma of the zymbal gland, a structure 
with no human analogue (Malioni et al. 1985; Austin et 
all 1988; Huffet al. 1989). 

Whether these findings in man and in animals allow 
forextrapolation to the general population is question- 
abk (Austin et al. 1988). The human body metabolizes 
and excretes with no apparent harm low levels of toxic 
substances that can be quite harmful at higher kvels. 
Humans arc well protected against toxicity at low doses 
from both man-made and natural chemicals. Thus, hu¬ 
man exposure to low doses of chemicals that are carcino¬ 
genic in rodent bioassays appears to be more common 
and less hazardous than is generally thought (Ames 
1990). As could be shown (Fig. 1), benzene uptake under 
ETS conditions is neglectable on the background of the 
body burden caused by other environmental sources. 
Therefore, it is highly questionable whether it poses a 
health risk to the general population. In spite of this con¬ 
clusion. in the effort to improve overall air quality, a fur¬ 
ther reduction of benzene and related compounds in our 
environment is desirable. 
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Exposure of Passive Smokers to Tobacco Smoke 
Constituents* 

C. Hugod*, L. H. Hawkins’. and P. Astnip’ 

' Dept. Clinical ChemHoy, Rifthospitakl, DK-2100 Copcnhajen. Denmark 
' Dtps. Human Stolen- and Health, University of Surrey. Guildford. Surrey, England 

Summary'. In anunventilated room (with or without the presence of ten volunteers) 
the atmosphere was polluted with sidestream smoke from cigarettes or with the 
gasphase or constituents of the gasphase of sidestream smoke. One control ex- 
penment with no intended air pollution was performed. 

The air concentrations of carbon monoxide, carbon dioxide, nitrogen oxides, 
cyanide, acrolein, other aldehydes, nicotine, and tout paniculate matter were 
measured. 

By intermittent addition of freshly generated smoke over the three hour ex¬ 
perimental periodia constant ait concentration of 20 ppm carbon monoxide was 
sustained. When no persons were present, the air concentration of the other 
measured tobacco smoke constituents remained constant. When persons were 
present, however air concentrations of both gasphase and particulate phase con¬ 
stituents decreased during the experimental period. 

A considerable variation in the degree of exposure of the passive smokers to the 
various tobacco smoke constituents was found. 

In some of the experiments questionnaires concerning subjective annoyance, 
eye-, nose- and throat irritation were completed by the subjects. Stay in a gas- 
phase polluted atmosphere was found equally annoying as in an atmosphere 
polluted with whole sidestream smoke. Air pollution with acrolein caused 
considerably less discomfort and thisdid not differ from the annoyance caused 
by staying in the closed, unventilaied room with no intended air pollution. 

It is pointed out that in spite of an often considerable subjective discomfort, 
exposing non-smokers to tobacco smoke under realistic conditions will not cause 
inhalation of such amounts of the components of tobacco smoke traditionally 
considered harmful, that a lasting, advene health effect in otherwise healthy, 
grown-up individuals seems probable. 

Key words: Passive smoking — Health hazards. 
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C. Hugod et al 

Through ream yean the harmful effect of tobacco smokinx has been documented in 
a number of promarily epidemiological investigations. The term "'passive smoking", 

I. e., exposure to tobacco smoke of non-smokers in the environment of Active** 
smokers; was introduced by Stemfeld 122] and since then there seems to have been an 
increasing public agreement about the fact that tobacco smoke has an adverse health 
effect on passive smokers |3,8]. 

The purpose of the present study has been to investixate whether exposure to 
other tobacco smoke constituents than carbon monoxide (CO) is at the same level as 
CO-exposure, L e., whether air COwlues are representative when estimating the detree 
of exposure of the passive smoker to other tobacco smoke constituents. Further, by 
means of questionnaires we sought a subjective Ming of eye% nose% and throat 
irritation and the subjective general annoyance in volunteers* who as passive smokers 
stayed for three hours in a closed. unventHated room with or without air pollution 
derivinx from tobacco smoke or tobacco smoke constituents; 


Material and Methods 


Six experiments each of three hours duration were conducted. Five (experiments 1.2.4. S. and 4) 
with participation of volunteers and one (experiment 3) without; In each of the experiments I. 
2.4.i.and 6 ten volunteeri took pan. Altogether 32 persons have participated, only on* person 
look pan m all 5 exposure studies In each of the* studies 2-3 of the experimental persons »ttt 
■nokers.5-1 mere non-onoken. The smokers were mstmeted to refrain from smoking for at 
least II hours before the start of the experiment. The experimentaJ room wasuaveimlated. the 
windows sealed with tope; the volume was il.) o'. 


Experiment /. Initial}) 20 tipreitei were "smoked" by machine for 10 minutes resitting in an 
ah concentration of CO of 20 parts per million (ppml. The CO-conccntration was now kept at this 
level by "smoking" further 30 cigarettes during the experimental period. Subject* were admitted 
to the room soon as the CO-conccntrationhad reached 20 ppm. (Tune til» 0l. 

The au concent rat ion* of the gat-phaw constituent: CO. carbon dioxide (CO, I. cyanide 
(HCK i and aldehyde* mcludmg acrolemi. and constituent of she particulate phatr nicounr and 
total paruculate matter tTFM j were measured at different interval* during the experiment. Au 
temperature and relative humidity mm measured and capillary blood samples (from ear lobe• w'tre 
drawn for determination of COHb. 

Quettionnairrs %ere given to the suhjecuat t • 0 and thereafter every 30 minute* during the 
experimental ipcriodJ After each one had been completed 1st was immediately taken back. Four 
questions sought a subjective rating, from "none M to 'Very strong '* of nasal irritation, eye in nation, 
throat irritation and ^general annoyance", respectively. 1 he subjects ware given verbal mssructmni 
at the start of the experiment on the u«e of the* mewntnu. 


Experiment 2, Identical to experiment 1, apart from aitrogen oxides (NO; NO* k but not CO, 
being meawired in th* experiment: 


Experiment J. Identical so experiment 2. but without the participation of experimental per tom 
Altogether SO cigarettes wejt "smoked* 4 . 

Experiment 4 . Subjects were rxpo^d to the gawpha* of tobacco moke only , smee the paniculate 
phase (TPM and nicotine) was efcruoOati tally re lamed m a high voltage filter mounted on the 
smoking machine. Otherwise thb experiment was identical to experiment I without measurement 
•f CO,. 


Experiment 5. Subjects were expowd to acrolein m an av-ronerntration three times as hgh as in 
experiment I and 2. A known amount of acrolein was evaporated to the atmosphere after heat mg 
So the hotting point and mixed w ith the atmo^here of the experimental room hy means of a 
ventilator. 
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Table 1. Arulysis of atmosphere ill experiment 2 (with people present). Exposure to whole t»dc- 
*rt*m smoke__ 


Time 

■rinvm 

J. 

CO 

ppm 

n 

HO, 

fP «" 

Acrolein 

mg/m* 

Aldehydes 

mg/m* 

HCN 

w*tm* 

TPM 

mg/m* 

Nicotine 

mg/m* 

0 

>0 

60 

20 

20 

22 

060 

034 

031 

0410 

0.00 

0.00 

0i0«* 

0622 

0.010 

5.75 

0.102 

to: 
120 t 
150 

110 

«22 

22 

20 

l» 

035 

039 

035 

030 

0.00 

0.00 

0.00 

0.00 

0.025 

0310 

0.014 

0.010 

0391 





Experiment 6- Control experiment. Subject* were not exposed to any In tended air pollution, but 
stayed m the room for three bom. Air temperature. relative humidity and CO, to air mere 
measured and questiostnaires completed. 

Smekimf Meckme *nd Ci&rttm -American type* 4 fillet cigarettes wvrt wnoked on smoking 
machine RM 30 (Heinrich iorp^aldt. Hamburg* Germanyt without suction (sidestream smoke 
only|. The machine is equipped with a Jifhvoitagc *TtJtcr M which electrostatically separates the 
gas-phate and particulate phase of tobacco smoke. 

CO was continuous!) monitored with a **Ura^2n** infrared pas analyser. 

Hitroftn Oxides were continuously monitored wn h a “Rendu nitrogen ox ide analyser* 4 from 
which valuev for NO and NO, can be directly obtained. 

CO; was measured by bubbling an air ample of 101 (667 ml/min for 15 Mmutes) through 
30 ml 0.15 moll Ra(OH> t with subsequent titration with OjI mo 1/1 HCl. 

HCN fca* measured by bubbltfi| an air ample of 45 1 <500 ml/min for 90 minutest through 
100 ml 0.1! mol/I NlOH with subsequent estimation of cyanide by the method described by Elkins 
I9|J 

Aldehydes mere measured by passing 109 I of ah through ice-cooled methanol om a period of 
50 minutes. The total volatile ad 11 ipha tic aldehydes mere then estimated cokmrnetncally by the 
method of Haike ei alJ 1121. as described by Rothwcll and Grant 1191. 

Acrolein was measured by passing an a# ample of 3011500 ml/min for 30 minutei) through 
AttnrhcxylHciorcin with subsequent colorimetric estimation |12|. 

AVcorfne was estimated after passing a total of 25401 of av through a Cambridge filter over 
the three-hour period: Nicotine mas extracted and determined by gav chromatography. 

TfAt mas determined gravimeirically on the amr filter: The concentrations of nicotine and 
TPM in relation to time can therefore not be estimated. 

COMh m*as measured on a capillary blood ample from the car lobe by a spcctrophotometnc 
method based on buchmald s |5f modification of the method of Commins and Lamther |7l 

Results 

Experiment lend?. The results of the measurements m the two experiments were 
very much alike, and therefore only the results from experiment 2 are shown (Table 
I). It can be seen that with people in the room the concentrations of all constituents 
of the gas-phase (except for HCN) decreased in spite of the fact that freshly ge- 
aerated smoke was added to the atmosphere throughout the exposure period m 
order to keep CO at a constant level. During the experiment room temperature 
increased by 33*C. air humidity from $6 to S3 relative % and COj concentration to 
approximately* 0.18 % (normal 0.03 7). 

COHbatthe start of exposure was 0.73 t0.16$k(SD*n« 1.0) (experiment I 
and 2). After 1 hour: 1.161035 a(SD), after 2 hours: M0 1 0.26%(SD),and 
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T»We 2. Aiutyas of ctmo^hm in experiment 3 (without people pmensj. Whole wdeUftam 
tmokc 


Time 

CO 

NO 

NO; 

Acrokin 

Aldehyde# 

MCN 

TfM 

Nicotine 

sttmim 

ppm 

ppm 

ppm 

mttm* 

mttm* 

ms-'m’ 



0 

21. 

041 

04 






20 

60 

♦0 

120 

150 

23 

25 

25 

24 

21 

oso 

059 

030 

034 

041 

0 JO 
0.0 

0 JO 
0.0 

0 4 

0.133 

IJT 

MO 

0.050 

743 

013 



0.119 

failed 

0.050 



180 

21 

048 

0.0 







TbMc 5. Analysts of •tsno^heie in experiment 4 iwftli people prewmil. Exposure to faieoi» phase 
only 

Time 

minute* 

CO 

P9* 

NO 

ppm 

KO, 

ypm 

Acrolein 

fnf'in* 

Aldehyde# 

mf/vn? 

HCK 

■f/m’ 

TrM 

mi'm* 

Nicotine 

«8 ; m* 

0 

23 

0.40 

0 02 


135 




30 

23 

0.38 

0-02 

0.19 


0486 



to 

24 

031 

042 






90 

25 

035 

0.02 


139 


Tracts 

Traces 

120 

2t 

034 

0-01 


131 




1:50 

26 

034 

043 

0.19 

737 

0482 




after 3 hours: 1.63 2 0.25 % (SD). The image increase during die experiment thus 
was 0.9 % (range 0.5-1.4 SI). 

Experiment 3. From Table 2 it can be seen that the concentrations of all gasphase 
consituenu remain almost constant through the experimental period, without people 
present. Further, the concentrations of all gasphase constituents are higher without 
than with people (Tables i and 2). Similarly the measured lamounts of TPM and nh 
cotine are higher when peoplt are absent. This suggests that these substances are being 
removed by the people in the room although it remains uncertain whether this re¬ 
presents a respiratory uptake or a condensation of the components onto skin, hair, 
and dothing. 

Experiment 4. When the psphase is separated from the paniculate phase a slight 
modificaiion m constitution of the gasphase takes place (Table 3). Small amounts of 
NO} are now detected and further -in spite of the presence of people - acrolein, 
aldehydes and HCN appear in slightly hitter concentrations than Uiok found in 
experiment 3 (sidestream smoke without people present). This suggests thal these 
components under norma) conditions are fixed to smoke particles and therefore avoid 
determination by the applied chemical methods. 

Experiment! 5 end 6. These experiments were performed in lorder to try to evaluate 
llie reasons for the subjective discomfort experienced by the subjects in the previous 
experiments, and completing the questionnaires was a way of quantitating this dis¬ 
comfort. *Ceneral annoyance* and eye irritation were at almost identical levels and 
these were considerably higher than the values for nose- andithroat irritation. From 
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Fif. I.Cmrrtl annoytnct of p»\tivr smokersin experiment 5 <*-•). snd 


Fig. I (for "general annoyance") it can be seen that a maximum valtie is reached in 
approximately one hour,and the irritation then remains at this level for the remaining 
part of the experiment. It is noteworthy that ‘general annoyance* as experienced by 
exposure to the gasphase of tobacco smoke is at the same level as that derived from 
whole sidestream smoke, and further that exposure to acrolein (in concentrations 
three times as high as those in experiment 1 and 2) causes only slight discomforti 
The curves demonstrated in Fig. I were almost identical to those obtained for eye 
irritation. 


Discussion 

It is often difficult to compare results such as those reported in this study with the 
findings of others, since different brands of cigarettes smoked in different types of 
rooms with varying ventilation will lead to different air levels of smoke constituents. 
These levels will depend first of all on the numbers of cigarettes onoked but alto on 
how the smoking is performed. 
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The smoke available lo the passive smoker» a variable mixture of sidestream and 
exhaled mainstream smoke. 

Hoegg 114] has demonstrated thai for most of the Important eonitituentt tide- 
stream moke yields about 3-4 times the quantity found in mainstream smoke. 

HCN teems to be excepted from this rule as the concentration in tidettream tmoke 
it only half of that found in mainstream wnoke |4). This meant, that since we in the 
pretent study (experiments 1.2.3 and 4) created tidettream moke only from SO 
cigarettes, the situation - except for HCN - was worse than it would have been if the 
cigarettes had been smoked by cigarette-smoker* 

In order to increase the degree of exposure we purposely — at much as possible - 
sought to reduce room ventilation during the experiments* It it possible to cslculate 
the air replacement in the room from the measured rise in CO} as compared to what 
mighi be expected from the CO ; production from 10 individual! and the burning 
cigarettes. This indicates that in experiment I theairexchangeratewas41.22and55% 
in the first, second and third hour: the differences being attributable to more frequent 
opening of the door in the first and especially tire last hours. These figures are confirmed 
by similar calculations for CO- loss from the room which for experiments 1,. 2 and 3 
give an average value of 43 %. 

The COHb level at the beginning of our experiment was 0.73 %, which might be 
expected from endogenous CO production. This rose to 1.63 % during the experiment, 
which is the rue one might expect from smoking and inhaling one cigarette. Because 
of the experimental situation the rise is probably greater than it would have been 
after three hours passive smoking under usual conditions. Residing in a large city may 
cause a similar rise in COHb |6.11.16.23 J. The measured levels of other tobacco 
smoke constituents agree with those of other authors, correcting for differences in 
room size, ventilation, type of smoke (mainstrcsm/sidestream) and the presence or 
absence of people 112.15.25). As far as we are aware. HCN concentrations have not 
been previously measured in a passive smoking experiment. In accordance with Jerminii 
et all 115) NO was the only nitrogen oxide that could be detected in pure sidestream 
smoke. 

The concentrations of tobacco smoke constituents inair depended ion the presence 
or absence of people in the room: When people were present the averagr concentrations 
of NO* aldehydes, acrolein and HCN were reduced by approximately 25.50.75; and 
80 f. respectively. Further the concentration of acrolein and laldehydes showed a 
tendency to decline during die experimental period when peopk were present. 

Changes in air-concentrations of TPM and nicotine during the experiment could 
not be demonstrated since these compounds were determined on samples continuously 
collected during the whole experimental period. However, the collected amounts of 
these smoke-constituents were reduced by about 25 5- in the experiments with as 
compared to without persons. A physiological respiratory uptake may explain this 
dissipation of TPM and nicotine, since tire respiratory volume of 10 persons at rest for 
three hours amounts to about 18-20 V of the volume of the room. The accelerated! 
dissipation of acroltio and aldehydes during the experiment it only partly explained 
by respiratory uptake and partly by condensation of these componenu (together with 
HCN) onto hair, skin, and clothing and fixation lo smoke particles. 
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Tafcte d. Mean CO yield from a mm llicam unoke K taken from Hocgt|I4| Ntrmmt 
•nd TFM yteld ii taken from analytical data from dprclte^ vted to Ihn uvdy. The 
•map yield! of other compound! art taken from Ifcalth Cemequencei o! Srookinf 
1972 cy/l44-|45M24|. Inhaled amount Oni'hi • 0j4 a a. where 0 4 m*fh r* taken to 
he tN aWrafl reipiratory volume of a man at vru. a h the time wt*Med mean 
coneemrationfcf each air constituent from experiment 2 ling/m* )-C£/h * -- . 

where b h the rou#t yield of mainstream moke to m* pet dprette 
(column I > _ 



Average yield from 





mm«tfeam stroke 

Inhaled amount 




inhalrd by a smoker 

in experiment 2 

CE/h 

CET* 


«r-or- 

mplh 


h 

NO 

0.30 

0182 

0.61 

1.6 

CO 

11140 

916 

0.50 

2.0 

Aldehyde 

0.81 

0.214 

0.26 

3.8 

Acrokut 

0109 

0013 

0.14 

7111 

TFM 

25.30 

2.300 

009 

11.1 

Nicotine 

2.10 

004) 

0.02 

50.0 

Cyanide 

0.25 

0003 

0.02 

50.0 


* CET • Ofarene equivalent time. *ee text 


Other authors have shown 112.14] that TPM. nicotine, acrolein and aldehydes 
dissipate even when people are absent. Nicotine dissipates most rapidly and the presence 
of people accelerated this loss (12). 

The concentrations of smoke constituents measured in this study were far below 
recommended exposure limit values. Relatively highest were acrolein and nicotine 
(experiment 21 at 207 of the limit valiie. 

Calculations of cigarette equivalents per hour (CE/h) is a conventional way of 
expressing the amount of a particular component of tobacco smoke inhaled by passive 
amokers. relative to the amount of the ume component inhaled by the active smoker 
with mainstream smoke from one cigarette. 

CE/h can be calculated for each component of the smoke, but because of the 
various dissipation rates for the different smoke constituenu. not for whole tobacco 
smoke and neither for the whole psphase of the moke. Table 4 gives the CE/h values 
for the constituents measured in experiment 2. Cigarette-equivalent-time (CET. Table 
4) expresses the time in hours for which a person has to stay in a room with an atmos¬ 
pheric constitution as m experiment 2. to inhale the same amount of each tobacco 
smoke constituent, as the -average** cigarette smoker inhales with mainstream smoke 
from one cigarette. 

It appears from Table 4 that a person must stay in the room for two hours to 
inhale the same amount of CO as is inhaled by active smoking of one cigarette: the 
corresponding value for HCN is 50 hours. The great differences within the CET values 
(andCE k values) are noteworthy and flhistrates that it is impossible directly to use 
the air concentration of one constituent to estimate the degree of exposure to others. 
Comparison between the CE/h values calculated in this study and corresponding 
values reported in literature (13 JO) cannot be done directly, because the reported air 
concentrations differ from those measured in this study. 


Sources https ://www industrydocuments.ucsf.edu/docs/hnnx0000 
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RuurU el a). |20] working with twice our exposure level for CO reported a CE.'h 
value for CO of 1.0. while ours is 0.5. This difference could be expected because of 
the different air concentrations of CO. 

The present study confirms that many people experience transitory discomfort 
(local irritation of eye, nose and throat and general annoyance! when staying in an 
atmosphere heavily polluted with tobacco smoke |3i, 8] and it is confirmed that the 
eye is most sensitive to the irritating effect of tobacco smoke followed!by the nose 
and throat (25 j. It is similarly confirmed that staying in an atmosphere polluted with 
tobacco smoke causes considerable discomfort as expressed by “general annoyance" 
(Fig I). 

Further, the results of the subjective assessments suggest thai the irritating effect 
of smoke is confined to constituents of the gasphase. 

In contrast to the opinion that acrolein is the most important irritating agent in 
tobacco smoke (25J exposure to acrolein appears to be only slightly irritating. Even 
as it is indisputable that passive smoking is connected with immediate discomfort that 
may be accentuated considerably by the concomitant presence of bronchitis, sinuitis, 
conjunctivitis, etc. it it difficult to document or to render probable that passive smoking 
under usual conditions should have a lasting adverse health effect on otherwise healthy 
individuals. 

An exception from this rule seems to be children of smoking parents |17], An 
explanation could be the babies* relatively greater: alveolar ventilation. Correspondingly 
there is no reason to doubt the adverse health effect on babies bom to mothers who 
have been smoking during pregnancy (10,18]. Allergic phenomena might be an ex¬ 
planation for severe discomfort of exposure to tobacco smoke but this is most probably 
not a frequent cause for non-smokers to feel impaired in their well-being if exposed 
to tobacco smoke [21,24], 

An adverse health effect of passive smoking in grownup individuals would not be 
expected if only regarding the inhaled amounts of those tobacco smoke constituents 
that through the yean have been considered pathogenic: nicotine. HCN, TPM and CO. 
The CET values for nicotine and HCN are negligible and can be disregarded. For CO 
and nitrogen oxides there is no reason to assume that these components are inhaled 
by passive smoken in such amounts that they should be considered pathogenic. How¬ 
ever, a rise in COHb to approximately 3 %. which is most unlikely obtained from 
passive smoking, will decrease the threshold for intermittent claudication and angina 
pectoris (1.2] in patients with obliterating arterial disease. 

The CET-value for TPM is so high (about 11) that the passive smokerwHI never 
inhale more than what equals 1/2-1 cigarette per day. 

In our opinion and apart from the exceptiommentioned.no data exist to document 
that any of the gasphase or particulate phase constituents of tobacco snoke reviewed in 
this study have a lasting adverse health effect in otherwise healthy individuals subjected 
to passive smoking. 
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MEASUREMENT OF ENVIRONMENTAL TOBACCO SMOKE 
IN AN AIR-CONDITIONED OFFICE BUILDING 
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BAT (UK&E) Ltd, Research and Development Centre, 
Regent s Park Road, Southampton, S091FE, UK 


INTRODUCTION 

Environmental Tobacco Smoke, ETS, is the complex mixture of chemicals found in air as a 
specific result of smoking 1 . Some reports have claimed that exposure to ETS is harmful to 
the health of the non-smoker 25 . This issue has been discussed by scientists and doctors for 
over a decade and, although knowledge has increased over this period. H is still the subject 
of scientific controversy* 4 . The claims have primarily been based on combining the results 
of epidemiolbgical studies that have ait been stated to be, when taken individually, 
inadequate 23 *. Several experts in the field of low-risk epidemiology have stated that it is not 
I possible to draw firm conclusions as to whether or not ETS is harmful to the health of the 

| non-smoker 454 . 

J in spite of the continuing debate, there ha ve been calls for the introdu ction of turther restrictions 

\ on where smoking can take place 7 *. Much attention has recently focused on the work place. 

and in particular on the modern office environment This paper presents the results from an 
investigation of the air in offices in a modem air-conditioned Office building located in Southern 
England. 

SAMPLING SITES 

The building selected for this study was a 1970s-buiU office block comprising of around 9.300 
! square metres of floor space on 16 floors and holding around 350 people. Air conditioning 

! was nominally the same in all areas, with two operating systems (one at the perimeter and 

one through the core) being controlled through temperature and humidity sensors. 

Ten offices were selected to represent the variety of environments within this building These 
included open plan space, single and multiple occupier offices with different populations and 
numbers of smokers. Samples were acquired between 0900 and 1600 hours, each site being 
visited on five separate occasions. For a particular office, each visit (which lasted one hour) 
was performed at a different time of the day and on different days in order to avoid any bias 
from possible temporal variations. Each sample was taken as near as possible to the centre 
1 of the office and at approximately head height of a seated person 


ANALYTICAL CONSIDERATIONS 

The following analytes were determined for each visit by methods that have been previously 
fully described in the literature: 

(a) Nicotine: Collected by drawing air at a rate of 1 litre per minute through a sorbent: 
sampling tube containing XAD-4 resin. Nicotine was subsequently extracted using ethyl i 
acetate (modified with triethylamine) and determined by capillary gas chromatography 
with nitrogentphosphorous detection*. 


i 
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Table 1 : Summary data for offices with at least one smoker compared to 
offices with no smokers 

(Data In pgW, apart torn CO and CO, which we given in ppm) 



| Smokers' Offices 

| Non-smokers’Offices | 

Arithmetic 

Mean 

Median 

Arithmetic 

Mean 

Median 

Nicotine 

6 

3.1 

0.6 

0.6 

Rdspirable 
suspended 
particulates (RSP) 

103 

91 

90 

71 

(JV-RSP 

23 

24 

8 

8:8 

Carbon monoxide 

1.4 

1L1 

1.2 

1 

Carbon dioxide 

590 

600 

533 

500 

Benzene 

13 

8 

12 

10 

Chlorobenzene 

0.4 

0.3 

0.4 

0.4 

n-Decane 

8 

5 

6 

5 

o-Dichlorobenzene 

0.4 

0.3 

0.6 

0.6 

1,2-Dichloroethane 

13 

10 

14 

14 

Dodecane 

2 

2 

2 

1 

Ethyl benzene 

12 

5 

5 

4 

Limonene 

7 

5 

3 

3 

n-Octane 

47 

3 

4 

2 

a-Pinene 

4 

3 

4 

4 

Styrene 

14 

7 

17 

12 

Tetrachloroethylene 

4 

2 

4 

1 

Trichloroethylene 

4 

2 

4 

1 

Toluene 

39 

23 

25 

20 

Uhdecane 

5 

4 

5 

5 

2-Vinyi pyridine 

3 

2 

1 

1 

o-Xylene 

14 

8 

12 

11 

m/p-Xylene 

73 

49 

69 

66 


An analysis of variance was used to test the differences between smoking and non-smoking 
areas. Of the volatile chemicals investigated, only ethyl benzene, limonene and in-octane 
were significantly different at the 95% confidence limit. 
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(b) Respirable suspended particulates (RSP); Air was drawn at 2 litres per minute 
through a fluoropore membrane filter via an impactor which only allowed particles of 
less than 3.5^i to pass. Measurement of RSP was then gravimetric 9 ] 

(c) Ultra-violet respirable suspended particles (UV-RSP): After weighing, each pad 
was extracted with methanol and the resulting solution analysed lor Hs adsorbance at 
325nm. Calibration with a surrogate standard, 1,1.2,2-tetrahydroxybenzophenone, 
allows this measure to be an assessment (albeit an overestimate) of the ETS contribution 
to RSP’ 0 . 

(d) Carbon monoxide: A constant flow sampling pump delivered air to an electrochemical 
detector. Output from the detector was fed directly to a data logger 9 . 

(e) Carbon dioxide : By Dr&ger tube (CO, 0.01 %/a, CH30 801) taken 5 minutes prior to 
toe end of each visit. 

(f) Volatile organic compounds: Adsorption on Tenax TAby drawing air through a trap 
at a rate of 10cm 3 per minute. Subsequent thermal desorption, capillary gas 
chromatography, mass spectrometry. Peaks were both identified (by retention time 
and mass spectra) and quantified (using the ion count of the base peak of the mass 
spectrum of each compound) by the mass spectrometer 1 . 


RESULTS 

The results comparing the summary ddta for offices with at least one smoker to off ices with 
no smokers are given in Table 1, All data points have been included and it can be seen that 
arithmetic means are generally of a higher value than medians due to a skewed distribution! 
of the values. 

Comparing median values it is seen- as might be expected] that the air in smokers' offices 
contains significantly higher levels of nicotine (3.1 as opposed to 0.6pg/m 3 in non-smokers’ 
offices) and UV-RSP (24 as compared to 9pg/m 3 ). RSP values are, on average, higher in 
smokers' offices, but only by around 20%. The median differences in RSP values between 
smokers' and non-smokers' offices of 20pg/m? is supported by the difference in the UV-RSP 
values. Hence, ETS is a minor contributor to the respirable particulates found in the air of 
this building] 

There is also little difference in the carbon monoxide and carbon dioxide levels found in 
smokers' and non-smokers'offices. The median CO value for smokers’ offices is 1.1 ppm 
as compared to 1.0 ppm for non-smokers' offices. 

There is little difference between toe two categories in toe values obtained for toe volatile 
chemicals. For example, benzene in non-smokers'offices had a median value of 10pg/m 3 
(arithmetic mean of 12pg/m 3 ) whilst in smokers* offices the median value for benzene was 
8pg/m 3 (arithmetic mean of 13*ig/m s ), If anything, median values for VOCs tend to be slightly 
lower In smokers' offices, though arithmetic means tend to be slightly higher. 


I 

j 
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CONCLUSIONS 

This Investigation of the chemicals in the air of smokers’ and non-smokers’ offices in an 

air-conditioned building results in several conclusions; 

1. The concentrations of constituents related to ETS (such as nicotine) were extremely 
small, even in smokers’ offices. On average a non-smoker would have to work in a 
smoker's office for three months (7 hours per day 1 5 days per week) to be exposedto 
the equivalent nicotine from one cigarette 4 . 

2. By comparing smokers' and non-smokers' offices and by observing values of RSP and; 
UV-RSP (the ETS contribution to particulates) it seems that, in this environment, ETS 
was a minor contributor to the concentration of respirable particulates in air. 

3. The presence of ETS had little influence on the carbon monoxide level in an office. 

4. Environmental Tobacco Smoke did not significantly contribute to the concentrations of; 
volatile organic compounds, such as benzene, in the office building investigated. 
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Benzene: Environmental Partitioning and Human Exposure 1 
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A multimedia transpon model w*» uatd to evaluate the environmental partitioning of 
benzene Measured and predicted environmental concentrations were used to estimate the 
accumulation of benaene in the food chain and the subsequent extent of human exposure 
from inhalation and ingestion. Result* show that benzene partition* mainly into air (99.*%) 
and that inhalation i* the dominant pathway of human exposure, accounting for more than 
Wi of the total duily make of benacnc. Iniestion of contaminated food items represents 
only a mmor pathway of human exposure. The long-term average daily intake of beruene by 
the general popoladon of the U.S. was estimated using three independent meihods. Intake 
estimates based on measured personal air exposure*, measured exhaled air concentrations, 
and a pharmacokiietieally derived adipose tissue concentration (7). 63; and 72 jig/day 
respectively) are in good agreement. 
ibackyoMftdjeuelaof 





INTRODUCTION 

Benzene has the largest production volume of any chemical that has been 
causally linked to cancer in humans (U.S. EPA, 1984). Benzene is produced 
commercially as an intermediate in the production of many chemicals and is a 
by-product of various combustion processes, such as forest fires and the burning 
of wood, garbage, organic wastes, and cigarettes (Fishbcin. 1984; 1ARC, 1982: 
Webster etaL. 1986). The fact that benzene has been measured in air, water, and 
human biological samples (Antonie et all. 1986; U.S. EPA, 1986a; Wakeham ei 
at., 1986; Wallace. 1986; Wallace et at ... 198?) suggests that environmental con¬ 
tamination of benzene is widespread. This paper evaluates the environmental 
partitioning of benzene and identifies the major sources of human exposure. 

ENVIRONMENTAL PARTITIONING 

Various measurement and predictive techniques can be used to evaluate the 
movement and transfer of chemical; within and between environmental media. 
Multimedia partitioning modds, for example, estimate the long-term steady-state 
concentration of pollutants in various media. One such model; the Level 1 III 1 
Fugacity model of Mackay et al. (1985a. b), treats the environment as a “unit 


' Research wai sponsored by the U.S Environmental Protection Agency ami the American Retro- 
leum Institute under Interagency Agreements applicable under Martin Marietta Energy Systems. Inc.. 
Contract No. DE-AC0VJUOR21400 with the U.S; Department of Energy: 
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world" (« hypothetical region equal to 1 km s ) divided into six homogeneous 
compartments; air, water, soil, bottom sediment, suspended sediment (in water), 
and aquatic biota (fish). Under conditions of continuous release, this model can be 
used to estimate unknown or nondetectable concentrations in certain media from 
a chemical's physicochemical properties and from known (detectable) concentra¬ 
tions in other media, thus providing a coherent account of concentrations in all 
meduu 

The Fugacity model was modified to account for the uptake of chemicals 
through the food chain (Hattcmer-Frey and Travis, 1989; Travis and Hattcmer- 
Frey, 1987). The modified version, called the Fugacity Food Chain (FFC) model, 
estimates the concentration of a chemical in all six media and'then uses those 
concentrations to predict the amount of the chemical entering the food chain and 
the average daily intake by the general population. Ii should be emphasized, 
however, that the FFC model is not an exact replica of the environment, since it 
contains many simplifying assumptions. Given the current state of knowledge 
concerning the environmental transport of organic chemical*, however, fugacity 
models are generally considered acceptable for exploring the equilibrium parti¬ 
tioning and environmental behavior of organic chemicals (Allen et at., 1990; Co¬ 
hen and Ryan. 1983; Mackay etal., 1985a, b). 

Input parameters required to predict the cross-medium partitioning of a chem¬ 
ical include (1) its physicochemical properties: (2) estimates of its bioaccumula¬ 
tion potential (i.c.. bibconccniration (BCF) and biotransfer (BTF) factors); (3) 
degradation rates for processes that remove the compound from the system; and 
(4) an estimate of emissions into air. water, and soil. The physicochemical prop¬ 
erties of benzene and its bibconccniration and biotransfer factors arc presemed in 
Table I. 

Degradation Rate Estimates 

Most processes that effectively remove a compound from a medium involve 
chemical or biochemical reactions (Mackay et aL. 1985a): The most significant 


TABLE i 

Physicochemical Paomnu or Bcn*>:n£ 


Log oeurnol-water partition 
coefficient Uog K, m ) 
Water solubility 
Vapor pressure 
Molecular weight 
Henry’s Law constant (HI 
Soil adsorption coefficient 


Physicochemical properties 


1.11 

211 mol/m' 
12.700 Pa 
7S.il 

JS* 10 1 

H4 ml/g 


Chiou rr at.. 1977 
Wakeham ei«l„ 1086 
Mackay ri al.. iWJu 
Mackay <•/ «/.. 1985a 
Lyman tt at., 1982 
Lyman etui.. 1982 


Bioconcentratiun (BCFiil and biotransfer factors (BTf*) 

AiMo-lcafBCF 0.12 Travis A Hatiemcr-Frey. IWOb 

$oil-to-root BCF 2.0 Schucnert tt at., 1985 

Daily intake-tu-beef BTK 3.4 * tor* d/kg Travis and Arms, IVSS 

Daily intakc-to-milk BTF 1.1 a 10 *d0(g Tmvis and Arms. 19*8 

Watcr-to-fith BCF 3.2 US EPA. 1980a 
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1 
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\m 
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*2 
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degradation pathway or benzene in air is its reaction with atmospheric hydfoxy 
radicals (ATSDR, 1987). U.S. EPA (1986a) reported that benzene photolysis in 
the atmosphere has a half-life of 0 days. Therefore, a degradation rate coefficient 
of 4.8 x 10“' hr" 1 was used to model the removal of benzene from air. 

Biodegradation and photolysis are the primary mechanisms of benzene removal 
from water, Mackay etui. (1985a) reported that the biodegradation of benzene in 
water occurred at the rate of 4.5 x JO" 1 hr" 1 , while photolytic degradation of 
benzene in water took place at the rate of 1.8 x I0‘ 4 hr*Collectively, these two 
processes yield a degradation rate coefficient for benzene in water of 4.76 x 10 " 5 
hr -1 . 

The biodegradation of benzene in soil is well-documented (Tucker et at.. 1986). 
A degradation rate coefficient for benzene in soil and sediment of 2.78 x Kr 4 
hr" 1 (Tucker et at., 1986) was used in this analysis. 

Em to ion Rate Estimates 

Potential sources of environmental benzene include benzene production, gas¬ 
oline refining, coal coking, production of bcnzcnc-bascd chemicals, solvent use, 
oil and chemical spills, leaking storage tanks, and the combustion of gasoline 
(ATSDR, 1987; U.S. EPA. 1983). Over 60% of emissions from these sources are 
attributed to the combustion of gasoline (Fishbein. 1984; U.S. EPA. 1983). while 
10 to 30% arc from stationary industrial sources (Cross ere/.. 1979: Fishbein. 
1984; U.S. EPA, 1984). Annual emissions of benzene in the U.S, alone are esti¬ 
mated to be 8 5 x to* kg (SRI International. 1988): 

Although the magnitude of the source term and the exact pattern of environ^ 
mental release are not known for most pollutants, measured concentrations of a 
compound in air. water, and soil can be used to estimate the distribution of 
release, assuming that measured environmental concentrations are in equilibrium 
with current inputs. Since the network of equations in the FFC model is linear, 
media concentrations respond proportionally to changes in emission quantities. 
Thus, measured background concentrations of benzene in air (4.6 ug/m’ (Bozzclli 
and Kebbekus, 1982; Wallace. 1986)) and water (10 ng/litcr (Sauer. 1981)) were 
used to predict the cross-media partitioning of benzene using the methodology 
described in Travis and Hattcmcr-Frcy (1990b). Since the background concentra¬ 
tion of benzene in soil has not been measured, the following equation from Lyman 
et at. (1982) was used to predict this value 

C v - <c w x*). (1) 

where C, is the estimated concentration of benzene in soil (ng/m*). C w represents 
the measured background concentration of benzene in water (ng/m’). and K is a 
constant that is equivalent to the chemical’s soll/watcr partitioning coefficient 
IK*) times the total organic carbon content of soil. Using a £„ value of 84 ml/g 
for benzene and assuming the total organic carbon content of soil is 10% (Lyman 
et at.. 1982). C, is estimated to be 8.4 x 10 4 ng'm 5 or 56 ng/kg. 

The FFC model was calibrated by varying emission me estimates un til thf 
concentration of benzene predicted by the model was consistent with measured 
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-background concentrations of benzene in air and water and the predicted con¬ 
centration of benzene in soil. The following emission rates were found to best 
reproduce the environmental data: 

Air « 1.21 x lO’mol/hr (99.96%) 

Water a 4.57 x I0 1 mol/hr (0.04%) 

Soil • 3.43 x 10 1 mol/hr (0.00%). 

These data show that virtually all (99.96%) of the ’benzene released into the 
environment is emitted into the atmosphere. These emissions estimates agree well 
with the Powell and Tucker (1986) estimate that 95% of environmental releases of 
benzene are into air, Furthermore, total emissions of benzene into the U.S. en¬ 
vironment estimated by the FFC model arc 8.3 x 10 ? kg/year, which agrees well 
with reportcdiprcduction estimates of 8.5 x (0 y kg/year (SRI International. 1988). 
Even if only 50% of the benzene produced annually in the U.S. is actually released 
into the environment, our source term estimate remains within a factor of two of 
reported production valiie. This result demonstrates that the FFC model can 
reliably predict annual emissions using background environmental data. 

Environmental Fate of Benzene 

Results show that benzene partitions mainly into the air (99%). with less than 
1% partitioning into water, soil, sediment, suspended sediment, and biota. Table 
2 gives the predicted environmental concentrations for benzene. These values arc 
approximations that are limited by the accuracy and availability of reported dkta. 
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ACCUMULATION OF BENZENE IN THE FOOD CHAIN 

Although data on the occurrence of battcnc in food are scarce, benzene has 
been reported to occur naturally in many foods including fruits, vegetables, fish, 
dairy products, beverages, and eggs (Mara & Lee. 1978). The FFC model was 
used to estimate human exposure to benzene from ingestion of contaminated 
produce, beef, milk, and fish. 

Accumulation on Vegetation 

Accumulation of organics in vegetation is a complex process that can involve: 
deposition, root uptake, and air-to-leaf transfer. Only a negligible fraction of 
benzene is expected to sorb to particulates in the air (Bidleman. 1988; Mackay et 
al„ 1986) as its primary states are the gaseous and dissolved forms. As a result, 
air-to-lcaf transfer was expected to be the major pathway of vegetative contam¬ 
ination. Although an air-to-lcaf BCF has not been measured for benzene, it was 
estimated using the equation (Travis and Hattcmer-Frey, 1990b) 

» 5.0 x 10** * H. (2)i 

where is the octanol-water partition coefficient, and H represents Henry's 
Law constant in atmospheres per cubic meter per mole. Using a log K am of 2.13 
(Chiou era/., 1977) and an H value of 5.5 x 10'' atm • m J /mol (Lyman et al.. 
1982), aJ„* value of 0.12 was used in this analysis. 

The concentration in vegetation due to the air-to-lcaf transfer (CVA) can be 
estimated from the equation (Travis and Hattcmer-Frey. 1990b) 


CVA (pg/kg) - C u * F v • (3) 

where C a is the concentration of organic in air (ng'nv'). and F v represents the 
fraction of compound that exists in air as a vapor. Using the measured concen? 
tration of benzene in air of (4.6 x 10* ng/m*)and assuming that allibenzcnc exists 
in the vapor phase (i.e;. F v equals 1.0). CVA for exposed plants consumed'by 
humans and forage is estimated to be 475 ng/kg. 

Since benzene U not very soluble in water, root uptake was not expected to be 
a major source of vegetative contamination. The concentration of benzene in 
vegetation diic to root uptake (CVR) can be estimated by multiplying the concen¬ 
tration of organic in soil times a chcmical-speciflc soil-to-root BCF CB»). Scheu- 
nert et at. (1985) reported that cress and barley grown in soil with a steady-state 
benzene concentration of 0.005 ppm accumulated 0.01 ppm benzene: Hence. ai» v 
value of 2.0 was used in this analysis. This value agrees well with a value of 2.3 
obtained using the regression equation developed by Travis and Arms (1988). 
Using the calculated concentration of benzene in soil (56 ng/kg). CVR for all plant 
groups is estimated to be 112 ng/kg. 

Since benzene is assumed to exist exclusively in the vapor phase, it was as¬ 
sumed that plants were not contaminated by direct deposition. Furthermore, we 
assumed 1 that protected produce, including potatoes and other root vegetables. 
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legumes, and garden fruits whose edible portions either grow underground!or arc 
protected by pods, shells, or noncdible peels, were not contaminated via the 
air-to-lcaf pathway, because there is no empirical data to support the hypothesis 
that chemical vapors absorbed by aerial plant pans are actually translocated to 
other plfcnt parts. If air*to*leaf transfer is a surface phenomenon only (i.e.. no 
translocation occurs), then our assumption is valid. If. on the other hand, trans¬ 
location does occur, then our assumption may not be valid. Given that the food 
chain is a minor pathway of human exposure to benzene, we do not believe that 
the assumption of no contamination via the air-to-lcaf pathway for protected 
produce would substantially alter our findings. 

The total concentration of benzene in plants is determined by summing the 
contribution from each of the two pathways of vegetative contamination (CVR + 
CVA). The total concentration of benzene on exposed food crops consumed by 
humans and forage is estimated to be 587 ng/kg, 81% of which was due to air- 
to-lcaf transfer and 19% to root uptake. The total concentration of benzene in 
grain and roots crops is 112 ng/kg. These results demonstrate that air-to-leaf 
transfer is the primary pathway of vegetative contamination. 

Accumulation in Beef, Milk, and Fish 

Since benzene Is no; very lipophilic (log K <fw m 2.13), it was not expected to 
accumulate to a Ikrgc extent in living organisms- The concentration of benzene in 
cow milk and beef can be estimated from Eqs. (6 and 7) in Hattcmcr-Frey and 
Travis (1989) using stcady-stote daily intake-to-cow milk and beef BTFs of 3.4 x 
10"* d/kg and O x |0"* d/kg, respectively (Travis and Arms. 1988). The pre¬ 
dicted daily intake of benzene by beef and dairy cattle from inhalation and from 
ingestion of contaminated feed and water is presented In Table 3. These data show 
that inhalation is the primary pathway of benzene exposure for cattle. The pre¬ 
dicted concentration of benzene in beef and dairy products is 2.5 ng/kg and 1 0.8 
ng/kg, respectively (Table 2). 

Again, since the bioaccumulation potential of benzene is. small, it was not 
expected to accumulate substantially in fish. For example, the water-to-fish BCF 
for benzene is only 5.2 (U.S. EPA, 1986a) compared with BCFs of 140.000 for 
dioxin (Travis and Hattemer-Frey. 1990a)and 60,000for PCBs (Bruggeman tt aL. 


table j 

Intakc or BCnune »y Bscf and Dairy Cattls 
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Percentage 
of total 
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(make by 
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Percentage 
of total 
daily intake 

Inhalation 

728.0 

W.7% 

728.0 

99.0* 

Water 

0.02 

<0.01% 

0.02 

<0.01* 

Soil 

0.004 

<0.01% 

0.01 

<0.01% 

Forage 

U5A 

0.21% 

045 


Grains 

0.50 

o.o»% 

0.80 
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1984). Using the measured background concentration of benzene in water CIO 
ng/kg), the concentration of benzene in fish is estimated to be 52 ng/kg (Table 2). 

QUANTIFYING THE EXTENT OF HUMAN EXPOSURE TO BENZENE 

An important objective in risk assessment is elucidating the pathways and ex¬ 
tent of human exposure to pollutants chronically released into the environment.- 
Often people are exposed to higher levels of pollutants from sources in the home 
than from traditional emission sources. The Total Exposure Assessment Meth¬ 
odology (TEAM) studies showed that benzene levels in personal air (the air that 
humans breathe) averaged two times higher than outdoor air concentrations 
(Hartwell el aL, 1987a. b: Wallace. 1986: Wallace eial.. 1982. 1985. 1987). Wal¬ 
lace (1986) found that exposure to benzene concentrations indoors was greater 
than exposure to benzene levels near gas stations in most cases. Personal air 
concentrations ranged from 7.5 to 28 ug/m 3 . with a geometric mean concentration 
of 13.7 ug/m\ while outdoor air concentrations ranged from 1.9 to 16 |if/m 3 . with 
a geometric mean of 5 6 Rg/m 3 (Wallace. 1986). 

To estimate the average absorbed dose of benzene under steady-state condi¬ 
tions. the mean concentration of benzene in personal air (13.7 u^m 3 ) (Wallace. 
1986) was multiplied by the average adult alveolar ventilation rate (AVR) and the 
fraction of inhaled benzene that is metabolized under steady-state conditions (F* 
« 0.38) (Travis et al. 1990b). Assuming that 70% of the total volume of air 
inspired during light activity (20 mVday) is available for gaseous exchange, an 
AVR of 14 irr/day was used in this analysis (ICRP. 1975). Thus, the average 
absorbed dose is estimated to be 73 ng/day. Exposure to maximum personal air 
concentrations (28 ug/m 3 ) could result in an exposure of 149 Mg/day. 

In the current EPA risk assessment process, cancer potency values arc based 
upon administered dose, not absorbed dose. Thus, risk estimates for benzene 
should be based on the mean concentration of benzene in personal air (13.7 ng/m’) 
and the average adult inhalation rate (20 m 3 /day) (1CRP. 1975). Assuming that the 
carcinogenic potency of benzene is 2.6 x KT J (mg/kg-day) 1 (U.S. EPA. 1986a): 
the corresponding excess lifetime cancer risk is 1 x 10 4 . 

The amount of benzene taken in from contaminated drinking water was calcu¬ 
lated by assuming that the average adult consumes 1.44 liters of water-based 
beverages daily (Yang and Nelson. 1986). Total dietary intake was calculated by 
multiplying the estimated concentration of benzene in food items by average adult 
U.S. consumption rates (Yang and Nelson, 1986). Table 4 gives our estimate of 
the average dally intake of benzene by the general population of the U.S. These 
data 1 show that inhalation accounts for more than 99% of human exposure to 
benzene and that ingestion of contamina ted (bod and water is not a m^jor pathway 
of human exposure. 

The concentration of organic chemicals in human adipose tissue con serve as an 
indicator of past exposure, since many environmental contaminants bioaccumu- 
latc in human tissues (Oeyer et aL, 1986). To verify our estimate of benzene 
exposure, a linear, one compartment pharmacokinetic model was used to estimate 
the long-term, average daily intake (/) of benzene according to the equation: 
(Geyer et al.. 1986) 
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TABLE 4 

Fatmerte Avcrm* Dmlv (mtaki or Bcszcst •* 

OF TH£ UNITCO Status 

thc CtNCML Population 

Scuee 


Daily intake 
(M/diy) 

Percentage of total 
daily intake 

Inhalation 


72.90 

99196* 

Water 


0 01 

001* 

Food (total) 


0:02 

0.03ft 

Tout 


72.91 

100ft 

Produce 


Food chain intake 
0.019 

93.1ft 

Wry products 


0.0002 

1,2ft 

Beef 


0.0002 

U* 

FUh 


0.001 

4.6ft 

Total 


Dj02 

100ft 


/ - In 2 KO / T, (4) 

where is the total body burden, and T is the halMife of the compound in the 
human body in days, The half-life of benzene in humans was estimated 1 from a 
pharmacokinetic model to be approximately 12 hr (0.31 days) (Travis et at.. 
1990b). Assuming that the average human weights 70 kg and has 22% body fat 
(i.e., 15.4 kg of fat) (ICRP, 1975) and 9.9 pg benzcnc/kg fat (the geometric mean 
adipose tissue concentration for the general population of the United States as 
measured by the U.S. EPA (1986b) as part of their National Human Adipose 
Tissue Survey), the mean total human body burden (m„) of benzene is estimated 
to be 153 p.g, and the average , long-term daly intake of benzene is estimated to be 
207 p-g/day. 

There is reason to believe, however, that the 9.9 p-g/kg concentration of ben¬ 
zene in human adipose tissue measured by the U.S, EPA (1986b) may be inac¬ 
curate. Using a mean exposure concentration of 13 7 *ig/m-' and an AVR of 14 
m J /day. the steady-state concentration of benzene in adipose tissue estimated 1 
using a pharmacokinetic model is 3 45 pjgfkg fat (Travis «t aL, 1990a). This value 
is nearly a factor of three lower than the concentration measured by the U.S. EPA 
(1986b). Assuming that the pharmacokincticaliy based estimate of steady-state 
human adipose tissue concentrations of benzene is correct, then the mean total 
body burden of benzene is estimated to be 53 |xg< which corresponds to an aver¬ 
age, long-term da ly intake of 72 u-g/day. This exposure estimate is consistent with 
the 73 p-g^day intake estimate based on measured benzene levels in personal air 
(Wallace. 1986). 

Exhaled air concentrations can also be used as an indicator of past exposure. 
The long-term^ average daily intake can be calculated using the equation 

/ - C, • * / (l - F m ). (5) 

where C c equals the concentration of the compound in, exhaled air. R is the 
assumed respiration rate (U m* per day), and F m is the fraction of the compound 
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inhaled that is metabolized (0.38) (Travis et at.. 1990b). Assuming that mean 
exhaled air concentratiom range from 1.3 to 9.8 pg/m 3 . with a geometric mean 
concentration of 2.8 pg/m : (Wallace, 1986; Wallace et ah, 1982, 1985, 1987). the 
long-term* average daily intake of benzene is estimated to be 63 pg/day with a 
range of 29 to 222 pgday. 

Thus, intake estimates based on measured personal air exposures, measured 
exhaled air concentrations, and a pharmacokinctically-derivcd adipose (issue con¬ 
centration (73,63. and 72 pg/day, respectively) arc in good agreement. We believe 
that the estimate based on a human adipose tissue concentration estimated'by the 
U.S. EPA (1986b)* 207 pg/day, is flawed. Nevertheless, all of these estimates are 
substantially lower than the estimate of 830 pg/day reported by the National' 
Research Council (1980): 

Extent of Human Exposure to Benzene from Cigarette Smoking 

Smoking is by far the largest anthropogenic source of background human ex¬ 
posure to benzene. Wallace et ah (1987) reported that smokers had IfcveU of 
benzene in exhaled air 2 to 10 times higher than nonsmokers. Travis et at. 
(1990a). using a physiologically based pharmaeokinctie model, estimated that the 
absorbed dose of benzene from inhaling cigarette smoke is 40 pg per cigarette. 
Their value agrees well with other reported estimates of 30 pg per cigarette (Pow¬ 
ell anc Tucker, 1986) and 57 pg per cigarette (Higgins et ah. 1983; Wallace etah. 
1987). Thus, average smokers (i.e., individuals who smoke 20 cigarettes a day) are 
taking in an additional 800 pg of benzene daily, which means that they get 290% 
more benzene from smoking than from background environmental contamination. 
The increased lifetime cancer risk associated with smoking 20 cigarettes per day 
is 3 x 1'0" 4 . Heavy smokers (iie*. individuals who smoke 33 cigarettes a day) are 
likely to experience an increased lifetime cancer risk of 5.2 x I0 " 4 from exposure 
to benzene (additional intake of 1400 pg/day). Thus, average and heavy smokers 
may experience a total lifetime cancer risk (from background exposure and smok¬ 
ing) of 3.2 x 10" 4 and 3.3 x 10* 4 . respectively. 

Non smokers who live with or come in contact with a smoker also have elevated 
levels of benzene in their breath (Wallace et ah. 1987). Nonsmokers who live with 
a smoker had about 30% to 50% higher benzene levels in their breath than non- 
smokers who did not live with a smoker (i.e.,, mean exhaled air concentrations 
equal 3 .6 to 4.2 pg/m 3 ). The increased lifetime cancer risk for a nonsmoker who 
lives with a smoker is 2.8 x 10** to 3.3 x 10'*. 

CONCLUSIONS 

Organic chemicals tend to accumulate in the media in which they are most 
soluble. Our environmental partitioning model showed that benzene, a highly 
volatile, nonlipophilic compound* partitions mainly into air and does not 1 accu¬ 
mulate to an appreciable extent in the food chain. Quantifying the environmental 
partitioning and extent of human exposure to benzene is the first application of the 
FFC model to a highly volatile, nonlipophilic organic (Travis and Hancmcr-Ffey, 
1987; Hattcmcr-Frey and Travis, 1989), which demonstrates the utility of model- 
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ing efforts to predict the extern of human exposure to environmental contaminants 
through the food chain. 

Ingestion of contaminated food items has been suggested to be a potentially 
important pathway of human exposure to benzene (WRC. 1980; Gilbert ti oL, 
1982). The NRC (1980) estimated that the average U.S. urban exposure to bent 
zent is 85Q u-g/day and that the dietary intake of benzene may he as high as 250 
pg/day. Gilbert et al. (1982) suggested that ingestion of contaminated food items 
may result in benzene intakes of 31 to 108 ufr'day. Our results, however, show 
that ingestior. contributes less than I p-g/day, which accounts for less than 1% of 
the average daily intake of benzene by the general population of the,U.S. The 
highest concentration of benzene in food items appears to be in exposed vegeta¬ 
tion (587 ng/kg). primarily as a result of direct air-to-leaf transfer. Concentrations, 
of benzene in beef and milk arc predicted to be low «3 ng/kg) due to the low 
bioaccumu.ation potential of benzene. Predicted background levels of benzene in 
beef fal arc about 500 times less than the measured concentration in human 
adipose tissue, which is in accordance with the general pattern observed by Travis 
et of. (1988). 

Given that the food chain is not a major pathway of human exposure to ben¬ 
zene. we used direct biolog cal sampling data to estimate human exposure to the 
general population. Three independent methods were used to estimate the back¬ 
ground average daily intake of benzene by the general population of the United 
States. Two estimates based on measured concentrations of benzene in personal 
air and exhaled air yield intake estimates of 73 and 83 pg/day, respectively . These 
estimates based on biomonitoring agree well with our assessment of human ex¬ 
posure (72 pg/’day) based on a pharmacoklncticolly derived estimate of steady* 
state benzene levels in human adipose tissue. 

While inhalation is the primary route of human exposure to background levels 
of benzene in the environment, smokingis by far the largest anthropogenic source 
of background human exposure to benzene. Average smokers (20 cigarettes a day) 
take in about three times more benzene daily from smoking than from exposure to 
background benzene contamination. Since the increased lifetime risk associated 
with human exposure to background levels of benzene is 1 * 10~V we conclude 
dial exposure to benzene may pose a potential health threat to the U.S. popula¬ 
tion. 
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Major Sources of Exposure to Benzene and Other Volatile 
Organic Chemicals 1 * 2 


Lance Wallace’ 

feceriwtf Atocb 7, 1969 


The major sources of hunuo exposure to about s dozen voiuile orgenic chemicals (VOCs) have 
latently been identified. 1 For nearly cveiy chemical, the major sources of exposure are completely 
different from the major aourcea of emissions. This finding impliea that current environmental 
regulations and control strategies are misdirected. Important sources of exposure are typically not 
regulated is any way, whereas unimportant sources are heavily regulated. Vast sums of money arc 
spent on problems involving little risk (e.g., hazardous waste sites), whereas few resources are 
expended on problems involving higher risk (e.g., indoor air pollution). The: following paper 
summarizes recent findings regarding major sources of exposure to several VOCs. Benzene is 
selected as a case study. Brief discussions of tenchloroethylene and paradicfalombenzene are also 
included. 


KEY WORDS: Bcneeae; exposure; organic chemicals; teuechlcreethytene. 


1. INTRODUCTION 

About 800 people have now had their exposure to 
VOCs measured directly. <, ~ >> Since they were selected 
to represent a larger population of about a million rest* 
dents of eight U.S. dries, their exposures probably rep¬ 
resent the nationwide experience fairly. We review these 
findings, and consider their implications on the nation’s 
environmental polides. 

EPA’S TEAM Studies targeted about 25-30 chem¬ 
icals, of which about 15 were found to be prevalent 
(measurable in more than 20% of samples). Simulta¬ 
neous sampling of personal air, outdoor air, and drinking 
water: showed that, for most of the chemicals, inhalation 
provided.99% of the exposure. (Exceptions were chlo* 

1 Ptpcr prattled it the Woriohop oc Expceure tad Risk, Harvard 
Uaivcnity. Cambridge, Manaehuaeto, D e cemb e r M, UW. 

* This paper ku M been reviewed far policy impUcatiaM by the UiS. 
Euvirnmeaial frotacrioo Ageacy tad doc* act necessarily reflect 
ERA policy. 

* U.S. Eaviroameatal E rotscrie e Ageacy, 401M Strait, SW, RIV6S0. 
Washington, D.C 20460. 


roforrn and the three other tribalomethanes, which have 
important routes through drinking water and beverages, 
and limonene, a food and beverage additive. Even for 
these exceptions, inhalation was an important if not 
dominant route of exposure.) Therefore, we shall con¬ 
centrate on inhalation exposure m what follows. We shall 
consider three chemicals of interest: benzene, tench- 
loroethylene, and paradichlorobenzene. 


2. BENZENE 

Exposures to benezene were measured for about 
630 people in five locations. Outdoor air levels were 
measured near the homes of about 220 participants. The 
personal exposures avenged 16 icgta 1 ; the outdoor air 
levels averaged 6 tag/m’ (Table 1). If we assume that 
outdoor air infilntes homes and workplaces with no 
losses as it crosses the building envelopes, then we can 
attribute no more than 6 iig/m 1 to outdoor sources: the 
remaining 10>g/m’ is due to some combination of per¬ 
sons! activities and indoor sources. 

• ' 

cm-un*Kix»«anu.owi • me su a dp. 
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T*bl* L Ptnooil Expoauru lo Benzene Compared to Ambient 
Levtli in Five TEAM Study Locations 


No. of Sample! Concestriuon* 

Locatiofl Penonal Outdoor Fcrtonal Outdoor 


N/ 

340 

86 

28 

9 

MD 

70 

70 

19 

8 

LA. 

232 

132 

14 

8 

A-P 

ts 

10 

8 

2 

NC 

24 

6 

9 

3 

To&l 

734 

304 

16 

6 


* Population-weighted 24-bour arithmetic mean (ng/m’): NJ • Bey- 
onne-Eliubeth, New Jersey (Fall 1981); MD • Baltimore, Maryland 
(Spring 1987); LA. ■ Los Angeles, California (two seasons, 1984 
and 1987); A-P ■ Antioeh-Pittsburgh, California (June 1984); NC • 
Greensboro, North Carolina (May 1982). 


2.1. Active Smoking 


ies in California. Assuming: these levels are applicable 
to the rest of the country, and assuming about 1 hour 
per day in the automobile, this exposure would contrib¬ 
ute roughly another 2 pgtot* to average exposure. Be¬ 
sides traveling in autos, filling gas tanks could contribute 
a portion of benzene exposure,, although the total esti¬ 
mated contribution is only 0.2 isgfai’ (about 10% of the 
effect of automobile travel). 

2.4 Attached Ganges 

Gammage 0 ” and McCJenny 0 *’ reported finding 
gasoline vapor in homes with attached garages. This could 
arise from evaporative emissions following parking, or 
from storage of gasoline in<the garage. No estimates of 
the extent of exposure from these sources have yet been 
made. 


Before discussing what these sources are, however, 
we need to take account of a source that is nor reflected 
in the average measured exposure of 16 tsgftn 1 : main¬ 
stream cigarette smoke. Based on measurements of ben¬ 
zene in mainstream cigarette smoke™ Wallace' 1 ’*’has 
estimated that mainstream smoke contributes about 1.8 
mg/day to the average smoker’s intake of benzene. This 
corresponds to an average additional exposure for smok¬ 
ers of about 90 y.gftn y (assuming 20 mVday respiration 
rate). Since them are about 50 million smokers in the 
U.S., the total benzene exposure for them is roughly 
equal to the total benzene exposure from all other sources 
for the remainder of the population. 


Passive Smoking 

Studies of 500 homes in both the U.S. m and in 
West Germany 001 have indicated that homes with smok¬ 
ers have median indoor air benzene concentrations about 
4 jig/m* higher than in homes without smokers. Since 
at least half of U.S. homes contain smokers, we can 
calculate that about 2 Mg/m* is contributed, on average, 
by passive smoking. 


23. Automobile Travel 


A recent study in California (D. Shikiya, unpub¬ 
lished dau) indicates that automobile interior concentra¬ 
tions of benzene during commutes in Los Angeles average 
about 13 ppb (40 ug/m 1 ). The same concentration had 
been estimated by Wallace,'*’ based on the TEAM Stud- 


2.5 Products and Materials 

More than 200 products and materials were found 
to emit benzene in studies earned out by NASA.' 1 *’ Shel¬ 
don et aL, iUtW found benzene being emitted from sev¬ 
eral pints and adhesives, although indoor concentrations 
in two buildings constructed from these materials were 
not elevated. Thus these sources may contribute to ex¬ 
posure, although no estimates have been made of the 
contribution of products and 1 materials to personal ex¬ 
posure. 


2.6. Occupational 

Workers in the chemical, manufacturing, and trans¬ 
portation industries may be exposed to elevated levels 
of benzene. However, the contribution of occuptiona! 
exposure to the average exposure measured in the TEAM 
Studies appears to be relatively small. 


2.7. Outdoor Air 


A study of morning rush-hour (6-9 am) concentra¬ 
tions of benzene in 39 cities gave a median concentration 
of 6 jig/mV'*’ agreeing well with the mcan value of 6 
Mg/m* observed over 24-hr priods in residential areas 
in the TEAM Study. The major sources of benzene in 
the atmosphere are mobile sources (auto exhaust and 
evaporative emissions) and indflRItlf (petroleum refi¬ 
neries, petrochemical manufacturing, coke evens) sources. 
Mobile sources appear to be more important than sta- 
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tionaiy sources in contributing to outdoor benzene lev¬ 
els. For example, in the 39-city study, cities with heavy 
petrochemical industries such as Houston, Texas (ranked 
7th); Beaumont, Texas (17th); Lake Charles, Louisiana 
(19th); and Orange, Texas (31st) were not particularly 
elevated in benzene concentrations. Recent estimates of 
emissions attribute about 85% of emissions to mobile 
sources, 15% to stationary sources. 


U Residence Near Industry 

The first TEAM Study ,5) found no difference in 
benzene exposures of 150 subjects living within 1 km 
of chemical and petroleum refineries in Bayonne and 
Elizabeth, New Jersey, compared to 150 subjects living 
more than 1 km distant. Since such facilities are con¬ 
centrated in only a few places in the U.S., even a pos¬ 
itive finding;would have little effect on the nationwide 
average exposure to benzene. 


2.9. Food 

Although a number of publications have referred to 
benzene in vegetables, meat, and eggs, the TEAM Study 
found little evidence that diet made any difference in 
benzene levels in breath. Since the same breath mea¬ 
surements were conclusive in identifying smoking as an 
important source, it is felt that food cannot be an im¬ 
portant source of exposure to benzene. 

2.10. Wood Smoke 

Few measurements are available to allow an esti¬ 
mate of the importance of wood smoke oo benzene ex¬ 
posure. Since only a few localities use wood burning to 
an appreciable extent, and then for only a few months 
of die year, wood smoke should not make an appreciable 
contribution to nationwide average exposure to benzene. 


2.11. Summary: Sources of Benzene Exposure 

From the above considerations, we can construct a 
nationwide benzene exposure budget (Table II) appor¬ 
tioning the observed benzene exposures to the most im¬ 
portant sources. The results indicate that smoking accounts 
for roughly half of the exposure, with the remaining half 
split fairly evenly between personal activities (-30%) 
and the traditional outdoor sources ("20%). 

On the other hand; emissions present a very differ- 


TaOk n. Bcazroc "Exposure Budpi": M«jw Sources of Benzene 
Expouia tad Risks 


ActMfy 

teak* 

(•‘S'day) 

Pop. 

•Irak 

<* m 

Tout 

risk 

(*) 

Smoking 

1800 

53 

50 

Unknown perwnaJ 

150 

240! 

20 

Ambient 

120 

240 

20 

Piuivi smoking 

50 

190 

5 

Occupational 

10000 

0.25 

1 

Filling pi tank 

10 

100 

<1 



w% 


EMISSIONS EXPOSURES 

FI*. 1. Benzene: Emissions vs. exposures (TEAM study, Los 
Angeles, 1967). • 


ent picture. The traditional sources^motor vehicles and 
industry—account for 97% of the total emissions, com? 
pared to 3% from cigarettes and materials. The relative 
importance of these different sources are compared for 
emissions and exposures in Fig. 1. 

These findings have important effects on our reg¬ 
ulatory and control strategies. For example, if emissions 
from all stationary sources were reduced by a Draconian 
50%, the total reduction in population exposure would 
be an unnoticeable 2% (50% x 15% x 20%). The same 
effect could be achieved by reducing the average ben¬ 
zene content of cigarettes by 4% (from 57 to 55 M-gfa’). 
This raises the interesting question of whether a steel 
company might trade “exposure credits’’ with a tobacco 
company—the latter reducing the tar and nicotine cen¬ 
ters of its cigarette slightly (in return for appropriate 
remuneration) to allow a below-standard coke oven to 
continue in operation. The ides of trading in exposure 
rather than emissions is described is Smith. (IT) 


3. TETRACHLOROETHYLENE 

Exposures to tetnchloroetbyiene are compared to 
outdoor levels m Table ID. The difference between per- 
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Table I1L Peroonel Exposures to Tcnchloroethylene Compared to 
Ambient Levels in Six TEAM Study Locations 


Location 

No. of Samples 
PersonaJ Outdoor 

Concentration* 
Personal Outdoor 

NJ 

539 

155 

26 

5 

MD 

70 

70 

7 

2 

1~A 

232 

m 

14 

4J 

A-P 

76 

10 

6 

0.6 

ND 

iy 

€ 

9 

1 

NC 

24 

6 

7 

0.9 

Total 

964 

371 

12 

2.3 


* Population-weighted 24-hr arithmetic mean (tig'm 1 ). NJ - Bayonne- 
Elizabeth, New Jersey (three seasons, 1981-83); MO ■ Baltimore, 
Maryland (Sprint 1987), LA. - Los Angeles, California (two sea¬ 
sons, 1984 and 1987); A-P » Antioch-Pittsbur|, California (June 
1984); ND ■ Devils Lake, North Dakota (October 1982); NC • 
Greensboro, North Carolina (May 1982). 

• One outlier (800 u.g'm’) removed. 


sonal exposures and outdoor concentrations is even more 
striking than (or benzene, with outdoor air providing 
only about 20% of total exposure. Unlike benzene, how¬ 
ever, tetrachlOroethylene has few sources of exposure. 
The main source of exposure for most people is probably 
dry-cleaned clothes. 


office, the dry-cleaning shop, and the outdoors) i are as¬ 
sessed in Table IV. 

3.2. Outdoor Air 

The main use of tetrachlOroethylene is as a dry- 
cleaning solvent—a majority of U.S. dfy-cleaning shops 
employ tetrachlOroethylene as the primary solvent. Thus 
the dry-cleaning shop is considered the major source of 
outdoor tetrachlOroethylene. However, these emissions 
account for no more than 20% of total exposure. Thus, 
reducing emissions from dry cleaning shops by our un¬ 
realistic factor of 50% would resulting barely noticeable 
10% reduction in exposure. The same reduction might 
be achievable if people hung their dry cleaning outside 
for an 8-hr period before taking it into the house. The 
major sources of exposure are compared to the major 
emission sources in Fig. 2: 


4. PARADICHLOROBENZENE 

Results from six TEAM Study cities showed that 
psradichlorobenzene was almost exclusively an indoor 
air pollutant, outweighing outdoor air by more than 20 


3.1 Dry-Cleaned Clothes 

Early TEAM studies showed that tetrachlOroethy¬ 
lene levels were higher among employed people; sug¬ 
gesting that exposure to one’s own or to ccworken’ dry- 
cleaned clothes could be important. A recent TEAM 
study* 1 * 1 has indicated that tetrachlOroethylene levels in 
homes increase by factors of 100-fold (to levels exceed¬ 
ing 100 ng/m 5 ) following the introduction of dry-cleaned 
clothes into the home. (The study also indicated that 
indoor air levels decrease when the clothes are removed 
from the home and increase when they are put back, 
thus supporting the notion that “airing out’’ the clothes 
on a balcony or patio before introducing them into the 
home can be effective in reducing exposure.) The same 
study showed that wearing the clothes also increased 
personal exposure. Finally, a small but noticeable source 
of exposure occurs during the few minutes the clothes 
are being picked up at the dry cleaning shop; earlier 
TEAM Studies 0 *' indicated that levels in dry-cleaning 
shops varied between 10,000 and 20,000 ^g/m*. Thus 
a 5-min exposure would provide as much tetrachlOroe¬ 
thylene as 5 days of normal exposure. The contributions 
to total exposure of these four sources (the home, the 


Table IV. NitkmaJ Exposure Budget for Tetroehloroethylene 


Source 

category 

Population 

exposed 

(000000) 

Mean 

expoaure 

(ngrin*) 

Perccni 
of time 

Contribution 
to total expaure 

(ikg/m’) 

Office 

120 

16 

22 

2 

Home 

236 

6 

63 

5 

Outdoors 

236 

3 

100 

3 

Dry<ktata| step 

65 

10,000 

0.01 

<1 

Other uses 

r 

7 

* 

-1 

Tout 

236 

12 

100 

12 
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Fig, 2. Tetrochlorocthytene: Emissions v». exposures (TEAM study, 
Lot Angelo, 1987). 

2023380527 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnx0000 
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to 1 (Table V). Assuming that one third of homes contain 
p-DCB, we may calculate that users of these products 
are increasing their exposures by factors of roughly 60 
comparedito nonusers. 


4*1. Sources of Exposure 

This chemical has two major uses: to mask odors 
and to kill moths. Both uses require that the chemical 
maintain a high concentration in the home for periods 
of months or even years. A large number of American 
homes may contain high levels of p-DCB. Many schools, 
offices, hotels and other places with public restrooms 
also use p-DCB to mask odors. 

About 12 million pounds annually is used to kill 
moths. An estimated 25% of American households con¬ 
tain mothballs, moth crystals, or moth cakes formed from 
nearly pure p-DCB, although only 12% of TEAM Study 
homes in Baltimore and Los Angeles reported having 
moth repellents in their homes. 

About 70% of TEAM Study homes in Baltimore 
and Los Angeles reported using air fresheners or bath¬ 
room deodorants. Paradichlorobenzene accounts for a 
fraction of the air freshener market (perhaps 10%). As¬ 
suming 25% of homes have p-DCB moth repellents and 
an additional 7% have p-DCB air fresheners, we may 
calculate that about a third of the 85 million homes in 
the U.S. contain p-DCB. 

In 1986, following s two-year test of male and fe¬ 
male rats and mice, the National Toxicology Program 
announced that p-DCB caused several different types of 


TsMk V. Ptnosal ExporaitMo Pua-dicUorobemw Compand lo 
Ambieat Levels is Six TEAM Swdjr Locum* 


f OrtlMtg 

No. of Stmpkt 
Fenocil Outdoor 

Ptomil Outdoor 

Nf 

539 

155 

55 

IS 

MD 

70 

70 

33 

—* 

LA. 

233 

231 

15 

1.6 

A-F 

76 

10 

6 

OS 

KD 

24 

6 

16 

0.7 

NC 

24 

6 

11 

a7 

Tout 

965 

373 

23 

1 


• PopuUtioB-weifkfed 34-bow arithmetic mcaa (iifta*). SJ - tty- 
OBM-Elizabctb. New Jcncy (three kuou, 1NI4J), MD — B*lt»- 
nort, MwyUod (Sphn| 1987); LA. “ Lot AnftW*. California (two 
Kuots, 1984 u>d 1987); At - AsHoch-Pimburj, California (Ime 
1914); ND - DeviU Lake, North Dakota (October 1982); NC - 
Greensboro, Nonb Carotin (May 1913). 

* Not measured oaiag Tenax. 
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malignant tumors in both sexes of the mice and in male 
rats (10> . Traditionally, when a chemical causes cancer in 
two different species of mammals, it is considered a 
probable human carcinogen. In this case, because the 
tumors occurred in the male rat kidney and the mouse 
liver, both of which have been questioned for their rel¬ 
evance to human cancer, p-DCB has been provisionally 
classified ass possible human carcinogen. 


5. DISCUSSION 

For each of the three chemicals discussed above, 
the “traditional” sources of emissions (mobile sources, 
industry) have accounted for only 2-20% of total human 
exposure. This same conclusion has been documented 
for a number of other volatile organic chemicals: sty¬ 
rene, xylenes, ethylbenzene, trimetbytbenzenes, chlo¬ 
roform, trichloroethylene, o-pinene, limonene, decane, 
undbeane, etc. 0 ** 1 For most of these chemicals, the ma¬ 
jor sources of exposure have been identified (personal 
activities, consumer products, building materials), but 
cannot be regulated under existing environmental au¬ 
thorities. 

This situation has led to a peculiar split inithe per¬ 
ception of risk. The public perceives indoor air pollution 
as considerably lep risky than, say, hazardous waste 
sites (£hvtmrvn 0 t( August 1988) whereas experts at EPA 
put indoor air and consumer product exposure at the top 
of the list of health risks, with hazardous waste sites 
near the bottom. (11) Nonetheless, the amount of re¬ 
sources devoted to these two problems reflea the public 
perception, not that of the experts. 

How can this situation be rectified? A continuing 
process of consumer information and media attention 
may ultimately result in greater public awareness of the 
problem. Some steps to reduce exposure can be taken 
by tbe public without waiting for cumbersome govern¬ 
ment attempts at regulation. Other action, such as sa¬ 
ting up consensus guidelines, can be taken by professional 
organizations; e.g., ASHRAE (ventilation require¬ 
ments), ASTM (standardized testing for organic emis¬ 
sions from building materials). Information on the 
economic impacts of indoor air pollution may ultimately 
convince employers to improve their employees' work¬ 
ing conditions. Marka forces may also play a role— 
manufacturen may find substitute chemicals or p roceaaes 
leaving less residue in their products, if the public de¬ 
mands it. (The bellwether chemical h ere may be for¬ 
maldehyde —particleboard with up to ten times less 
formaldehyde emission potential is now available, at a 
price). 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 
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6. CONCLUSIONS 


We have shown that the major sources of emissions 
of three chemicals account for only a small proportion 
(2-20%) of total exposure. For all three chemicals (and 
for a number of other VOCs), the main sources of ex¬ 
posure are personal activities (such as smoking or wear¬ 
ing dry-cleaned clothes) or consumer products (such as 
room air fresheners); These sources of exposure are in¬ 
trinsically more difficult to regulate than the traditional 
mobile and industrial sources; moreover, authority to 
regulate them appears to be lacking in many instances. 
A combination of public information, voluntary consen¬ 
sus guidelines, and market forces are needed to deal with 
this problem, 
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donneire eMeeament af Kfedme and recant exposure to environmental t obacc o 
smoke. Am JipUmM 1MB; 130:130-47. 

In a sample af 14B adwlt nonsmokers re cr uited in New Mexico In 1M4, the 
authors assessed the reliability af questionnaire responses on lifetime exposure 
to tobacco amoke in the home. They also compered winary cadnine levels with 
questionneire reports of env ir o nm ental tobacco smoko exposurs during the 
previous 24 hours. The agreement of responses obtained on two occasions wMNn 
six months was high for parental smoking during childhood: B4% for the mother 
and 33% for the fettier. For the amounts smoked by the mother end the father 
during the subject's ehHdhoad, the agreement betsreen the two mtervlOsrs was 
m oderat e : 32% and 39%, respectively. For the number of hours per day that each 
parent smoked Ih the home during the subject's childhood, the Spearman corre¬ 
lation coefficients also indicated only moderate rsHsbility (r » 0.14 for maternal 
smoking and rs 0.54 for paternal smoking). For each set of interviews, responses 
concerning recent tobacco smoke exposure and urinary ootinine levels were 
correlated to only a modest degree. The authors oonelude that adults can rekably ‘ 
report whether household members smoked during their childhood, but informa¬ 
tion on quantitative aspects of smoking is reported less relia b ly. 

PyiTWI®nOnw*i QUwpWJnnWTwlj VD9CCO WIWw pOWBOn 


Tht term “passive smoking* jefert to the 
involuntary exposure of nonsmokers to the 
combination of tobacco combustion prod* 
ucta released by the burning cigarette and 
smoke components exhaled by the active 
smoker (1,2). The advene health effects of 
passive smoking on children and adults 
have been described in numerous epidemi¬ 


ologic investigations (1, 2). However, de¬ 
spite the evidence linking malignant and 
nonmalignant diseases with active and pas¬ 
sive smoking, tobacco smoking remains 
highly prevalent worldwide (X). In the 
United States at present, about 30 per cent 
of adults are active cigarette smokers (3), 
so that a large proportion of nonsmokers 
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in this country are involuntarily exposed to 
environmental tobacco smoke (1, 2). 

Although some health effects of passive 
smoking have been convincingly demon¬ 
strated, many questions on the health 
effects of passive smoking remain un¬ 
answered. More precise description of 
exposure-response relations is needed for 
assessment of the adverse effects on chil¬ 
dren and the development of lung cancer. 
Additionally, further studies on exposure 
to environmental tobacco smoke in the 
workplace are warranted because of the 
high 1 prevalence of smoking among adidts 
and public concern about this source of 
exposure. In most epidemiologic studies on 
involuntary smoking published to date, ex¬ 
posure has been assessed with question¬ 
naires; for the purposes of some inves¬ 
tigations, the questionnaires have spanned 
the entire lifespans of the subjects. Ques¬ 
tionnaires will remain the most feasible 
method for assessing exposure to environ¬ 
mental tobacco smoke in new studies. How¬ 
ever, the reliability and validity of question¬ 
naire measures of involuntary smoking 
have not been adequately characterized. 

In this study, we have assessed the reli¬ 
ability of a comprehensive questionnaire 
on lifetime exposure to environmental to¬ 
bacco smoke in 149 adult nonsmokers. 
While validity is also of interest, no appro¬ 
priate standard for comparison is available 
for a lifetime history. Questionnaire re¬ 
sponses with poor relid»ility are also likely 
to have poor validity. In this sample: we 
also examined the relation between reports 
of recent exposure to environmental to¬ 
bacco smoke and urinary cotinine levels. 


Materials and methods 
Sample selection 

Between February and December of 
1986, nonsmokers aged 18 years and older 
were recruited from Albuquerque, New 
Mexico, and the surrounding communities. 
Recruitment was accomplished by two 
methods: advertisements and direct contact 
with subjects from a population survey (4). 
In both approaches, we asked for volunteers 


to participate in a study of indoor air qual¬ 
ity that involved completing a question¬ 
naire on two occasions and providing saliva 
and urine samples. The subjects were not 
informed that the study was directed spe¬ 
cifically at exposure to environmental to¬ 
bacco smoke. We attempted to stratify the 
sample uniformly by age and by sex but 
were not completely successful (table 1). Of 
our sample, 62 per cent were female,, and 
only five males were aged 60 years and 
older. 


Data collection 

A structured questionnaire on lifetime 
and recent exposure to environmental to¬ 
bacco smoke was administered by a trained 
interviewer to each subject on two occa¬ 
sions separated by approximately four to 
six months: Training involved familiariza¬ 
tion and practice with the questionnaire 
and review of probing techniques, which 
were standardized. The interviews ware 
conducted by four interviewer* who com¬ 
pleted 89.2,5.4,2.7, and'2.7 per cent of the 
first interviews and 38.2, 6.7,54,4, and 0.7 
per cent of the second interviews, respec¬ 
tively. We asked whether the subject’s 
mother bad smoked while pregnant with 
the subject, and we determined the smoking 
status of parents, spouses, and others from 
questions on whether these persons had 
smoked in the subject’s home on a daily 
basis for six months or more. These ques¬ 
tions referred to two time period*: birth to 
age 18 years and age 19 years to the tune 
of the interview. These time periods war* 
chosen to correspond to the usual ages for 


Tabls i 


A|r and m distribution of 149 participants in a study 
of involuntary txpoourw to tobacco smokt, 
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living in the parents’ home and subse¬ 
quently living outside the parents’ home. 
In addition, for each smoker, we asked 
about the type(s) of tobacco smoked (ciga¬ 
rette, pipe, or cigar), the amount of each 
type smoked in the home, the number of 
years each type was smoked, and the num¬ 
ber of hours of exposure per day to each 
type in the home. Another set of questions 
asked about the amount of exposure during 
the previous 24 hours. The questions cov¬ 
ered the number of smokers to which the 
subject was exposed, the type(s) of tobacco 
smoked (cigarette, pipe, or cigar), and the 
number of hours of exposure^ These ques¬ 
tions were asked separately for exposures 
at home, at work, in vehicles, and at social 
gatherings. At the time of the interview, a 
urine specimen was collected and frozen at 
-20 C until the cotinine assays were per¬ 
formed. 

Cotimne assay 

Cotinine was quantitated by a double 
antibody radioimmunoassay as described 
by Langone et al. (5). A specific antiserum 
produced in rabbits was supplied by Dr. 
Helen Van Vunakis of Brandeis University 
(Waltham, MA). Urine samples were di¬ 
luted 1:4 for the assay. The sensitivity of 
the assay in our hands was 36 pg/tube or 
0.78 ng/ml of urine (4^04 pmol/liter). Uri¬ 
nary creatinine concentrations were deter¬ 
mined by the Jaffe reaction (€), and the 
cotinine concentrations were standardized 
to the creatinine concentrations. Assays 
were performed without knowledge of ques¬ 
tionnaire responses. 

Data analysis 

Reliability was assessed by comparison 
of the two lifetime histories for the expo¬ 
sure variables during the two time periods, 
birth to age 18 years and age 19 years to 
the rime of the interview. Because of the 
small number of pipe and cigar smokers 
among parents (n • 24) and spouses (n ■ 
4), we restricted our analysis to cigarette 
smokers. We summarized the per cent 


agreement between the first and second' 
interviews for categorical variables, which 
included mother’s smoking during preg¬ 
nancy; mother’s, father’s, and spouse’s cig¬ 
arette smoking status; amount smoked, cat¬ 
egorized as less than one pack per day, one 
pack per day, and more than one pack per 
day; and number of other cigarette smokers 
in the household, categorised as none, one, 
and two or more. To discount chance agree¬ 
ments between the first and second inter¬ 
views, Cohen’s kappa was calculated for all 
categorical items and tested for significance 
(7, 8). Spearman rank order correlation 
coefficients (9) were calculated for contin¬ 
uous variables, which included both the 
number of years and the number of hours 
per day that the subject's mother, father, 
spouse, and others had smoked. 

For questions on exposure to tobacco 
smoke during the previous 24 hours, we 
created summary variables, for cigarette 
smoke exposure only, because exposure to 
pipe and cigar smokers was infrequent. The 
summary variables for cigarette smoke ex¬ 
posure included the total number of hours 
of exposure and the total number of ciga¬ 
rette smokers in all locations. To examine 
the relation between measures of short 
term exposure to environmental tobacco 
smoke within and between interviews, we 
calculated Spearman rank order correla¬ 
tions (9). 

Data analyses were performed sritb stan¬ 
dard programs of the Statistical Analysis 
System (10). 

Results 

Of the 158 subjects enroUed for the first 
interview, 149 (94 per cent) afro completed 
the second interview. Of the nine subjects 
who were not re interviewed, there were 
seven males and two females, with mean 
ages of 43.6 years and 43.0 years, respec¬ 
tively. This report is based on responses of 
those 149 subjects who were reinterviewed. 
The age range of the 149 subjects was 21- 
79 years (mean ■ 43 years); 37.6 per cent 
were males and 62.4 per cent w e r e f emales 
(table 1). The median duration between 
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interviews *u 17 weeks, with a range of 6- 
35 weeks. 

For the period birth to age IS years, 
agreement between the first and second 
interviews was high for parental smoking 
status during childhood (table 2). The per 
cent agreement was similar for mother’s 
andifather’s smoking during childhood and 
was lowest for maternal smoking during 
pregnancy. The percentage of unknown re¬ 
sponses was highest for maternal smoking 
during pregnancy. The per cent agreement 


and kappa statistic for the number of other 
cigarette smokers in the home during child¬ 
hood were 77.0 per cent and 0.47 (p < 
0.0001), respectively. 

In contrast to the high reliability of re¬ 
sponses about parental smoking status dur¬ 
ing childhood, concordance was low for re¬ 
sponses about the usual amount smoked in 
the home by the parents during childhood 
(table 3Di The concordance was highest for 
the amount smoked by the mother and 
lowest for the amount smoked by the fa- 


Tablx 2 

Ptrctntagt of norumokert reporting t^oeurt to parental cigarette ttnoking during child*pod. New Jtfmn. 1966 
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Potentate of nonsmokert reporting expoture to various amount) of cigarette* * mohed by the parent* during 
childhood end by the tp o u m during adulthood. New Mexico, 1966 
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ther. Compand with the fust interview, the 
percentage of subject* reporting parental 
smoking of one pack per day or more was 
higher at the second interview. 

We also examined the reliability of re¬ 
sponses on smoking status and amount 
smoked by sex and by age. The findings 
were similar to the overall analysis within 
strata defined by either sex or age, above 
and below age 40 years. 

Spearman correlations were used to de¬ 
scribe the agreement between the first and 
second interviews on the reported number 
of years and hours per day of exposure to 
environmental tobacco smoke during child* 
hood. The correlation coefficients were 
high for responses on the number of years 
the parent* and other smokers in the 
household had smoked (table 4). However, 


for responses on the number of hours per 
day of smoke exposure in the home; the 
correlation coefficients were much lower 
(table 4). 

We next examined the reliability of re¬ 
ported smoke exposure during adulthood 
(tables 3 and 51. After age IS years, the 
numbers of subjects living with either their 
mother (n ■ 8) or their father (» » 9) were 
small For this small group of subjects, the 
concordance of responses on parental 
smoking status was 100 per cent. Similarly, 
the per cent agreement on spouse’s smoking 
status, as obtained at the two interviewe, 
was 100 per cent (n ■ 67). For the amount 
currently smoked by the spouse, the con¬ 
cordance was lower (table 3). Agreement 
between responses about the number of 
other cigarette smoker* in the household 
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was 74.0 per cent (n ■ 66), with • kappa 
value of 0.50 (p < 0.0001). 

Correlations between responses at the 
two interviews were high for the number of 
years the spouse and other smokers in the 
household had smoked during the subject’s 
adulthood, but much lower for the number 
of hours per day of exposure during adult¬ 
hood (table 5). Because of the small number 
of subjects living with their parents after 
age 18 years, we did not calculate correla¬ 
tion coefficients for these variables 

Urine specimens were obtained from 98 
per cent of the 149 subjects at the first 
interview and 95 per cent at the second 
interview. The median urinary cotinine lev¬ 


els were zero at both interviews, with mean 
levels of 9.2 ng/tag of creatinine at the first 
interview and 7.3 ng/mg of creatinine at 
the second interview. Cotinine levels varied 
widely with the total number of smokers 
and the total number of hours of exposure 
to tobacco amok* (in various situations) 
duringtbe 24 hours prior to urine collection 
at both the first interview (figures 1 and 2) 
and the second interview (data not shown). 
The cotinine levels correlated only mod¬ 
estly with the questionnaire measures of 
exposure (table 6). 

We also assessed the stability of data on 
exposure, as measured by questionnaire 
and by cotinine level (table 6). At the first 
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for eeek poup. Valuta in perentbeee* indicate tbt number of subjects with oorxitttctabk level* of minis*. 
Nit Mex i co . im. 


and second interview*, the mean reeponaet 
for the reported number of cigarette amok- 
ere that the subject# had been exposed to 
during the previous 24 hours were 2.1 and 
1.8, respectively, with 20 subjects at the 
first interview and 22 subjects at the second 
interview reporting exposures in "crowds.” 
For the total number of hours of exposure 
during the previous 24 hours, the mean 
responses at the first and second interviews 
were 5.1 and 416, respectively. Both the 
questionnaire variables and the cotinine 
data indicated a relatively stable pattern of 
exposure. The Spearman correlation coef¬ 
ficients were somewhat higher for the 


questionnaire-based indexes than for uri¬ 
nary cotinine levels. 

Discussion 

In a group of adult nonsmokera; we found 
high reliability for reports on parental 
smoking and on smoking by others in the 
home (table 2) but lower reliability for 
semiquantitative exposure measures (ta¬ 
bles 3-5). Mean levels of urinary cotinine 
increased with exposure to cigarette smoke 
compared erith no exposure (n ™ 37) (fig¬ 
ures 1 and 2). However, within specific 
levels of exposure, the cotinine levels varied 
widely. Across the follow-up period of sev- 
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Table 6 

Speoman correlations between meaiurn of exposure 
to environmental tobacco smoke durinf the 24 hour* 
prior to interview. New Mexico. 1966 


Eipotur* venable 

No. 

r 

Total no. of smokers to which subject 

was exposed 

Responses at the fust and second 
interviews 

143 

0.50 

Response at the first interview and 
cotinine level 

143 

0.24 

Response st the second interview 
and con tin me level 

m 

0.21 

Total no. of hours that subject was 
exposed to cifarette smoke 
Responses at the first and second 
interviews 

144 

0J62 

Response at the first interview and 
cotinine level 

145 

0.32 

Response at the second interview 
and cotinine level 

135 

0.29 

Cotinine level 

Levels at the first and second 1 
interviews 

140 

0.45 


end' months, exposures to environmental 
tobacco smoke were relatively stable, as 
were urinary cotinine levels (table 6). Most 
subjects were able to provide responses to 
the questions on maternal smoking during 
pregnancy, parental smoking during child¬ 
hood, and smoking by a spouse during 
adulthood (tables 2 and 3). 

Several limitations of these data must be 
considered Because a standard for validat¬ 
ing a lifetime history of exposure to anvi- 
ronmental tobacco smoke is unavailable, 
we used repeatability as an index of the 
quality of questionnaire responses. We ad¬ 
dressed the reliability of questions on life¬ 
time exposure at home, but not in the work¬ 
place, an important source of exposure for 
a substantia] proportion of adults (11). In¬ 
terview with a volunteer subject does not 
replicate the usual setting of a ease-control 
study, the design most often used to ex¬ 
amine lung cancer and passive smoking ( l)i 
In that setting, recall bias by ill subjects 
may affect reliability of questionnaire re¬ 
sponses in comparison with a volunteer 
population. 


Similar observations on the reliability of 
questionnaire data on passive smoking 
were recently reported by Pron et al. (12)i 
These investigators interviewed 117 sub¬ 
jects, controls in a case-control study of 
lung cancer, on two occasions separated by 
an average of six months. Smoking by 
spouses was reported with high reliability 
(kappa « 0*89 for both wife and husband). 
Repeatability was somewhat lower for 
smoking by the mother (kappa ■ 0.76) and 
by the father (kappa « 0.44). As in the 
present study, repeatability of quantitative 
estimates of deration of exposure was lower 
than for the categorical descriptions of 
smoking by household members. 

Although neither the investigation of 
Pron et all (12) nor the present study di¬ 
rectly addresses validity of questionnaires 
on lifetime passive smoking, the validity of 
subjects' reports on smoking by parents and 
spouses has been described Sandler and 
Shore (13) compared responses on parents: 
smoking given by cases and controls with 1 
responses given by the parents or siblings 
of the index cases* Concordance was high 
for whether the parents had ever smoked 
although the agreement was somewhat bet¬ 
ter for smoking by the mother then for 
smoking by the father. Responses concern¬ 
ing numbers of cigarettes smoked did not 
agree as highly. In a follow-up study of a 
nationwide sample, children's responses on 
smoking by their deceased parents closely 
agreed with the information given 10 years 
previously by the parents themselves (14). 
Other studies have shown that people gen¬ 
erally report the smoking habits of their 
spouses correctly (14-19). However, peo¬ 
ple’! reporting of quantitative aspects of 
the smoking behavior of their spouses tends 
to be less valid (16,18.19). 

Smoking by parents during childhood 
and by a spouse during adulthood represent 
the most important sources of household 
exposure to environmental tobacco smoke. 
The studies of subject reports for parents 
and spouses indicate good validity of re¬ 
sponses on smoking by these household 
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members; the study of Pron et el. (121 end 
the present study show that these reports 
ere else highly relieble. Thus; exposure 
measures based on cigerette smoking status 
of parents end of spouses, es reported by 
en index subject are reported with a high 
degree of validity and reliability, although 
these measures may only crudely quanti¬ 
tate the dose of biologically relevant to¬ 
bacco smoke components. In contrast the 
accuracy of more quantitative measures of 
smoking by these household members is 
lower. The resulting misclassification may 
explain the failure to find exposure* 
response relations for passive smoking and 
lung cancer in some studies (1,20). 

We also compared responses to questions 
on exposure during the previous 24 hours 
with urinary cotinine level. The time period 
for the questionnaire was limited to the 
previous 24 hours to reduce bias from faulty 
recall. However, since this period is approx* 
imately the half-life of cotinine in non- 
smokers (21, 22), the cotinine level repre¬ 
sents not only exposure ddring the 24 hours 
covered by the questionnaire but prior ex¬ 
posure as well. 

We found modest correlations between 
the questionnaire-based measures of expo¬ 
sure and urinary cotinine levels (table 6). 
The level of correlation must be interpreted 
in the context of the different lengths of 
time of exposure assessed by the question¬ 
naire and by the urinary cotinine level. 
Furthermore; at a given level of nicotine 
exposure, urinary cotinine level is also in¬ 
fluenced by uptake, metabolism, and excre¬ 
tion, which are likely to vary among indi¬ 
viduals. 

Coultas et aL (23) found that question¬ 
naire measures of household exposure were 
not strong predictors of salivary cotinine 
level In 247 adult nonsmokers with a de¬ 
tectable cotinine level the subject's age, the 
number of cigarettes smoked per day by the 
spouse, and the number of cigarettes 
smoked per day by other smokers in tbe 
household explained only 2 per cent of the 
variance in cotinine levels for females and 
16 per cent of the variance for males. E ven 


in active smokers, questionnaire responses 
on smoking behavior do not tightly predict 
cotinine concentrations in body fluids (24- 
27). Higher correlations between urinary 
cotinine levels and reported exposure to 
cigarette smoke have been reported for 
young children (28). The higher correla¬ 
tions in the studies of young children prob¬ 
ably reflect the time-activity patterns: in 
this age group (29); parental smoking in the 
household is generally the dominant source 
of exposure. 

In adults, the weak relation between co¬ 
tinine level and reported smoke exposure 
implies that a single cotinine measurement 
should not be used to estimate exposure for 
individual* (23). However, in our subjects; 
cotinine levels varied among exposure 
groups (figures 1 and 2), suggesting that 
cotinine measurements might be used as an 
index of mean exposure for members 1 of a 
particular exposure group. 

Nonsmokers are exposed to environmen¬ 
tal tobacco smoke in many different envi¬ 
ronments, including the home, the work¬ 
place, and other private and public loca¬ 
tions. Since subjects in an epidemiologic 
investigation cannot be expected to com¬ 
prehensively describe the extent of expo¬ 
sure in each of these environments,, mis¬ 
classification of the amount of exposure to 
environmental tobacco smoke must be an¬ 
ticipated from the use of questionnaires. 
However, subjects can provide validi and 
reliable reports concerning tbe smoking 
status of household members. Tbe combi¬ 
nation of questionnaires and biologic mark ¬ 
ers offers a feasible approach for assessing 
recent exposure to environmental tobacco 
smoke. 
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nnroviiODon 

Numerous epidemiologic investigations 
have examined the advene effects of pas¬ 
sive smoking on children and adults; the 
evidence is sufficiently compelling to es¬ 
tablish passive smoking as a cause of dis¬ 
ease in nonsmoken (1,2). Both the 19S6 
Surgeon General's Report (1) and the Na¬ 
tional Research Council (2) have conclud¬ 
ed that passive smoking '“•uses increased 
lower respiratory illness in infants, in¬ 
creased respiratory symptoms in children, 
reduced lung growth during childhood, 
and lung cancer in nonsmoken. Al¬ 
though health effecu of passive smok¬ 
ing have been convincingly demonstrat¬ 
ed, additional research is needed to ad¬ 
dress unresolved issues concerning this 
preventable exposure For example, more 
precise description of exposure-response 
relations should be achieved for the al¬ 
ready established health effects. Uncer¬ 
tainties concerning the adverse effecu of 
passive smoking in the workplace and on 
the occurrence of ischemic heart disease 
must also be resolved. 

The conduct of this research would be 
facilitated by improved methods for ex¬ 
posure assessment In most epidemiologic 
studies on passive smoking published to 
date, exposure to environmental tobacco 
smoke, the combination of exhaled main¬ 
stream smokeand sidestream smoke; has 
been assessed by questionnaire However, 
exposure to environmental tobacco moke 
can also be estimated with air monitor¬ 
ing and measurement of biologic mark¬ 
ers in body fluids, such as salivary coti^ 
nine. Biologic markers are increasingly 
emphasized as a standard for validating 
questionnaire responses. 1b characterize 
the relationships among these alternative 
approaches for assessing passive smok¬ 
ing in the home environment, "* con¬ 
ducted a prospective study of 10 house¬ 
holds. We periodically objected ques¬ 
tionnaire information cn exposure and 
measured respirable /articles and nico¬ 
tine in air samples and unwary and sali¬ 
vary cotinine in the iO nonsmoken in 
these households. 

aoa 



Methods 

Stmpk Mere ion 

Between February and December 1916,149 
nonsmoking volunteers, II years of age and 
older, were recruited from Albuquerque and 
surrounding communities to participate in a 
study of the accuracy of questionnaire assea- 
ment of etposure to environmental tobacco 
smoke (3). From this sample, we selected 10 
subjects living with at least one dgarene 
smoker and requeued the participation of the 
entire bousebold for this investigation. The 
households were selected bn the basis of wifli 
ingneu to partidpatc and location, and were 
not intended to be representatire of the origin 
nal sample 

D*m Collection 

Between March and October 1916, we ob¬ 
tained etposure questionnaires, saliva and 
urinx and air particle samples on 10 sampling 
days: every otber day over 10 days, and then 
1 day every other week over lOwk.Tbcquee- 
botmaires and tahva and urine specimens were 
obtained at the end of a 24-h air monitoring 
period (described below). From the querion- 
naina, we determined the reported number 
of snoken and number of hours that the sub- 
jecu were exposed during the previous 24 h 
to cigarettes, cigars, and pipes at boat, at 
work or school, in a vehicle, and in other 
places. Quemfonnairee srere self-completed by 
the adults, and by a parent for children 14 
years of age and younger. Spot saliva and 
urine specimens were obtained and frozen 
at -KT C until the cotinine assays were 
performed. 


Cotinm • Assay 

Cotinine was quantitatad by a double anti¬ 
body radioimmunoassay, as described by Lan- 
gone and coworken (4). A specific antiserum 
produced in rabbiu was supplied by Dr. He¬ 
len Van Vunakis (Brandos University). Urine 
samples were diluted 14'for the assay. The 
sensitivity of the assay in our hands m 36 
pg/tubt or 0.71 ng/ml of urine (4,204 
pmol/L). Urine creatinine concentrations 
urere determined by the Jaffc reaction (JX and 
the cotinine conocnndoni were mndirdiad 
to the creatinine concentrations. Assays wt 
performed without knowledge of quenioa- 
naire responses. 
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Particle Measurements 
In the major activityroom of etch home, Har¬ 
vard School of Public Health impactors (6), 
operating at a flow rate of 4 L/min, were used 
to collect respirable particles and gaseous 
nicotine samples. Through a timed solenoid 
switching valve, two impactors used a com¬ 
mon, mass-flow controlled pump, and each 
impactor operated on alternate 15-min col¬ 
lection cycles. Respirable particle samples, X5 
pm in diameter or less, were collected on 
Teflon 9 filters (Membrane, Inc, Pleasanton, 
CA), and nicotine w«s collected on sodium- 
bisulfate-treated glass fiber niters (Miiiipore 
Corp., Bedford, MAI to minimize its volatili¬ 
zation. After extraction from the filter, anal* 


To ermine determinanu of the variability 
inthe measurements, we used multiple linear 
regression. The dependent variables (respira¬ 
ble panicles, nicotine urinary cotinine, and 
salivary cotinine) were analyzed as continuous 
variables. For the predictive factors, indicator 
variables were defined for house (HOUSE - 
1 to 10), individual (INDIVIDUAL ■ I to 
20), age group (AGE GROUP < 18 yr versus 
> 18 yr), season (SEASON - March-Aprii 
versus May-October), and number of smok¬ 
ers per day (NUMBER - zero versus > 1). 
Other independent variables, number of hours 
(HOURS) exposed per diy, respirable parti¬ 
cles, and nicotine were continuous. 


Data analyses were performed with stan¬ 
dard programs of the Statistical Analysis Sys¬ 
tem (8). 


Renulta 

The 10 households included 11 cigarette 
smokers and 20 noosmokers, II females 
and nine males .U to 74 yr of age The 
homes included eight unattached single 
family houses one mobile home; and one 
apartment 

Reports on exposure to tobacco smoke 
in the home were obtained for all lOsam- 
plihg days from 17 subjects, and for 9 
days from three subjects. Hie reported 
number of cigarette smokers in the home 
per day did hot vary widely. The median 
number (range) of smokers per day was 
one for 18 of the nonsmoking subjects 
(zero to 10), zero for one subject (zero 
to 1), and four for one subject (2 to 25). 
Greater variability was reported for the 
number of hours exposed to cigarette 
smoke in the home, with the median 
number of hours ringing from zero to 
11 h. 

Respirable particle and nicotine con¬ 
centrations were obtained for 99*% of the 
sampling days (figures 1 and 2). The 
mean concentrations of respirable parti* 
ctes in the 10 homes ranged from 32.4 
Ug/mMSD - 13.1) to 76.9 tig/m* (SD 
» 32.9), and concentrations of nicotine 
ranged from 0.6 pg/m J (SD ■ 0.69) to 
6.9 jig/m* (SD - 8.2). Speannan's corre¬ 
lation coefficient between the respirable 
particle concentrations and the nicotine 
concentrations was 0.54 (n » 99, p » 
0 . 0001 ). 


ysis for nicotine was done on a Shimadzu 
GOA gas chromatograph (Columbia, MD) 
with a flame ionization detector. The nico¬ 
tine collection and extraction procedure is a 
modification of that described by Hammond 
and coworkers (7). The recovery of nicotine 
by this procedure has been shown to be 98% 
efficient. The sensitivity for detection of 
respirable particles and nicotine was 5.0 pg 
and 0.05 ppm, respectively. 

Data Analysis 

Variability of questionnaire responses, mptra- 
ble particle and nicotine concentrations, and 
urinary cotinine levels were assessed with 
univariate analyse*. From the questionnaire 
responses, we used the total number of house¬ 
hold smokers, including cigarette, cigar, and 
pipe smokers, and the total number of hours 
exposed as the measures of home exposure; 
The predominant source of tobacco smoke 
wu from cigarette smoking. During the en¬ 
tire sampling period, there were only 4 days 
in which any subject reported exposure to a 
cigar smoker, and none reported exposure to 
a pipe smoker. 
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COEFFICIENTS Of DETERMINATION FOR THREE LINEAR REGRESSION 
MODELS* PREDICTING RESPIRABLE PARTICLE ANO 
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REGRESSION COCFFlCfcNTS FOR MODEL THREE’ PREDICTING 
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The variability of respirable particle 
and nicotine concentrations for the two 
samplinf periods, every other day or ev¬ 
ery other week, were described with one- 
way analysis of variance. For the respira¬ 
ble panicle concentrations, the intra- 
house mean square error, describing the 
extent of variation for a particular house¬ 


hold. was greatest for sampUng every oth¬ 
er day (516.8) compared with every oth¬ 
er week (258.7)j A contrasting pattern of 
variation was observed for nicotine with 
mean square errors of 3.6 and 19.0 for 
every other day and every other week, 
respectively,. 

For the panicle and nicotine measure- 
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meats, we used linear regression to ex¬ 
amine factors influencing the concentra¬ 
tions and the variability of the concen¬ 
trations. A model that included variables 
representing each of the 10 houses ex¬ 
plained the greatest amount of variabili¬ 
ty, as shown by the magnitude of the R* 
value (uble 1). Compared with the model 
with the variables for individual homes, 
the models that included number of 
smokers explained markedly lower per¬ 
centages of the variability of levels of 
nicotine and particles. Although not sta- \ 
tistically significant, increases in respira¬ 
ble particles were associated with expo¬ 
sure to one or more cigarette smokers in 
the home and with the colder months, 
March and April (uble 2). There was no 
association of particle levels with the 
number of hours of exposure. Nicotine 
levels increased, although not significant¬ 
ly, with exposure to smokers in the home; 
but were not predicted by the season 
(uble 2). 

Cotinine levels were obtained on 187 
urine specimens from 20 nonsmokers, 
and 153 saliva specimens were obtained 
from 16 nonsmokers. We were unable to 
obtain saliva specimens from four chil¬ 
dren, all 4 yr of age or younger. The in¬ 
dividual mean urinary cotinine levels 
standardized to urinary creatinine con¬ 
centration ranged from 3.9 ng/mg Cr (SO 
- 6.5) to 55.8 ng/mg Cr (SO - 32.0). 
For salivary cotinine, the mean levels 
ranged from 0.9 ng/ml (SD ■ 0.8) to 4.3 
ng/ml (SD « 1.4). The mean urinary 
cotinine levels and'variability tended to 
be greater in the children than in the 
adults (figures 3 and 4) (dau not shown 
for salivary cotinine). SpearmarfS corre¬ 
lation between the urinary cotinine and 
salivary cotinine concentrations was 0J2 
(o • 153, <p • 0.0001). Correlations be¬ 
tween the cotinine levels: and the at¬ 
mospheric markers were highest for sali¬ 
vary cotinine and nicotine (uble 3). 

As for the atmospheric markers, we 
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used one*wsy «ntiyiU of vsritnce to de¬ 
scribe the variability in urinary and sail- 
vary cotinine concentrations during the 
two sampling periods: every other day 
or every other week. In contrast to the 
atmospheric markers; the variability in 
cotinine levels was comparable for the 
two periods. The intraindividual mean 


variability and concentration with line¬ 
ar regression. Models that included in¬ 
dicator variables for the 20 nonsmoking 


subjects explained 4? and 57% of the 
variability incotinine levels, respectively 
(table 4). Compared with this model, oth¬ 
er models that included exposure to en¬ 
vironmental tobacco smoke and age 
group explained much lower proportions 
of the variability. Urinary cotinine levels 
were significantly (p < 0:03) hi gher 
among children than among adults (ta¬ 
ble 5). Although the effect was not sig¬ 
nificant, exposure to one or more smok¬ 
ers resulted in higher urinary cotinine lev¬ 
els than did no exposure. The number 
of hours of repotted exposure and the 
season were not significant predictorsof 
cotinine level. For salivary cotinine lev¬ 
el, the hours of exposure was the only 
significant predictor. 

Prediction of level of urinary or sali¬ 
vary cotinine was not greatly improved 
with the use of respirable particles or 
nicotine as independent variables. The 
proportions of the variability in the uri¬ 
nary cotinine levels explained by respira¬ 
ble particle and nicotine concentrations 
were 0.03 and 0.04; respectively. For sali¬ 
vary cotinine, the corresponding R* 
values were only slightly higher at 0.07 
and 0.13, respectively: 

Oteuttlofi 

Environmental tobacco smoke is a com¬ 
plex mixture of gases and particles that 
changes as it ages. Personal exposure to 
environmental tobacco smoke is deter¬ 
mined by the nonsmoker’s activity pat¬ 
tern; exposure may be received in (be di¬ 
verse microenvironments encountered 
throughout the course of day-to-day ac¬ 
tivities. For many nonsmoken, the home 
is a predominant location of exposure (9). 


ic markers. 

In other populations, cigarette smok- 


square errors for urinary cotinine were 
173.8 and 194.8, and for salivary cotinine 
it was 0.9 and 0.7. 

For the urinary and salivary cotinine 
levels, we also examined determinants of 


In this investigation, we assessed Imctbods 
for measuring exposure to environmen¬ 
tal tobacco smoke in the home that can 
be used for epidemiologic research: air 
monitoring, questionnaires, and biolog¬ 
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in| has been shown to be a strong source 
of respirable panicles in the home (1,10, 
11). Spcnglcr and coworkers (10) estimate 
ed that the average increase in the indoor 
concentration of respirable particla was 
20 ug/rn 1 for each smoker. We estimated 
an average increase of 17 ug/m* for one 
or more smokers (table 2); the average 
concentrations in the New Mexico homes 
(figure I) were above the mean of 24 
ug/m* in nonsmoking homes from six 
UjS cities (10). Nicotine was present on 
most sampling days (figure 2). The mod¬ 
erate correlation between the nicotine 
and respirable particle concentrations 
(Spearman's r - 0.54) confirms the im¬ 
portance of tobacco smoking as a source 
of particulate pollution in the home. Lit¬ 
tle data have been reported on nicotine 
concentrations in the home (1,2); the lev¬ 
els in the New Mexico homes were some¬ 
what lower than anaveiage concentra¬ 
tion of 11.2 ug/m* reported by Muramat- 
su and coworkers (12) for three homes 
in'Japan. However, the results from our 
investigation and the Japanese study are 
not directly comparable because the Jap¬ 
anese data were from personal samples; 
Furthermore, information on intensity 
or duration of exposure to tobacco smoke 
was not provided for tbe Japanese homes. 
In a recent study in North Carolina, the 
homes of 27 children were monitored 
overnight for nicotine with a sampler that 
wu located near the child (13); The aver¬ 
age nicotine concentration in homes with 
smokers was 3;74 ug/m*, with a range 
fromaboul I to 7 ug/m 1 . The higher lev¬ 
els in our study may reflect the differing 
sampling strategies; the nicotine sampler 
remained in the activity room through¬ 
out the monitoring period in our study; 
but it was moved to the child's bedroom 
in the North Carolina study when the 
child 1 slept. 

Questionnaires on exposure to envi¬ 
ronmental tobacco smoke generally as¬ 
sess the strength of the source, eg* the 
number of smokers or the number of cig¬ 
arettes consumed, and the duration of 
exposure. The concentration of environ¬ 
mental tobacco smoke, however, depends 
not only on the source strength but on 
room size, muting, adsorption of smoke 
components, and the rate of exchange of 
indoor with outdoor air. Personal ex¬ 
posure also varies with the nonsmoker’s 
proximity to the smoker. Questionnaires 
cannot comprehensively and accurately 

( assess each of these factors. 

Not surprisingly we found that the 
questionnaire responses were poor pre¬ 
dictors of concentrations of respirable 


1 particle and nicotine (table 1). The high- 
lest R* value were obtained witharegres- 
'sion model that included variable for the 
individual homes; presumably, these vari¬ 
able represented characteristics of the 
homes, many of them unmeasurable; that 
determined concentrations at a given lev¬ 
el of smoking. 

Cotinine, nicotine's major metabolite; 
has a half-life of 20 to 40 h in nonsmok- 
en (1). It can serve as a specific biologic 
marker of exposure to environmental 
tobacco smoke that has been received 
over a period of days. At any given level 
of nicotine exposure, cotinine levels in 
body fluid! arc also determined by up¬ 
take, metabolism, and excretion (1). In 
regression analyses to predict cotinine 
concentrations, the models that includ¬ 
ed variables for the individual subjects 
gave the highest R* values (uble 4). 
Models including only the questionnaire- 
derived exposure measures or the at¬ 
mospheric markers had low R* values. 
Our findings in a Urge population-based 
survey were similar (14). In 247 nonsmok¬ 
ing adults with a detectable cotinine lev¬ 
el, variables for subject age; number of 
cigarettes smoked by the spouse; and 
number of cigarettes smoked by other 
household smokers explained only 24fc 
of the variance of salivary cotinine level 
for females; and 16*f» of the variance for 
males. 

In epidemiologic investigations of the 
advene health effects of environmental 
tobacco smoke, questionnaires have been 
the sole approach for assessing exposure 
(1,2). Air monitoring and biologic mark- 
en represent promising and feasible ap¬ 
proaches for assessing exposure to en¬ 
vironmental tobacco smoke For the 
hoax environment, our data demonstrate 
that indexes of exposure to environmen¬ 
tal tobacco smoke based on question¬ 
naires, bioldfic markers, and air moni¬ 
toring are not tightly correlated. At a par¬ 
ticular level of exposure, as assessed by 
inventory of household smoken, concen¬ 
trations of respirable particles and nico¬ 
tine vary widely, as do levels of salivary 
and urinary cotinine. The variability of 
the atmospheric and biologic marker* 
must be considered in using them as stan¬ 
dard! for atsming miscUssiflcation by¬ 
questionnaires. For environmental tobac¬ 
co smoke exposure at home, our data sug¬ 
gest that sihgle measurements of either 
levels of environmental tobacco smoke 
components or of biologic markers are 
not adequate for characterizing usual ex- 
posure. Multiple measurements are need¬ 
ed. It may be misleading to assess the va¬ 


lidity of questionnaire measures against 
a single determination of an atmospher¬ 
ic or biologic marker. We suggest th»» 
atmospheric and biologic markers offer 
complementary approaches to question¬ 
naires for assessment of exposure to en¬ 
vironmental tobacco smoky and that 
these methods should be used together 
to estimate the magnitude of misdasstfl- 
cation from questionnaire responses. 

Aekiwwlidgmtnt 

The writers thank Dr. Helen Van Vunakis for 
providing the reagents for the radioimmuno¬ 
assay, and Into* Walkiw for u- 

sistaaot in performing the amys. 


RlflfMMg 

I; US. Departmentof Health and Huaaa Ss- 
view. The health oofliequen o w of ia-oluaiary 
laefcing. a report of the Surgaoa CcseraL Rock¬ 
ville MD: US. Department of Health tad Huaaa 
Seevxaa, 19W. (DHHS puMkatm aw ICDCI 
r-im). 

2. National Unea r th Council. Env ironm ental 
tobacco smoke. Measuring expoeurw aad uieee 
ing health effect*. Washington. DC National 
AfiAdtQQf pTtM* 1984. 

3. Coultift DB» Pokt GX Ssost JM, Qootion* 
aaiit itamacot of tifeuat tad recent exposure 
to coviroBAcsul tobacco noUAnJ Epidmd 
1989; 130:331-47. 

4. Lic|0tt 1J, Cjiks HE Vm VmiaMi H. Nteo» 
lias tad its mcubotii*. todfoimreifocnaasyt for 
fucoefoa tad ootinfon li och s mu a rr 1973; 12: 

5025*30. 

3. Fftulkpcr WE, Ki&| JW. tonal fu&cdo*. Is 
Titu NW. sd. Fundamental! ofdinkaicbeauKni 
Philadelphia; W. a Ssuadcri. Co, 1976; 97 J-1014 
4 Tunm WAu Marpla VA. Spcsskr ID. Indoor 
scroaol impsetor. In: Uu BYH, F IX Tmm H, 

•da. Acroaob. N«« York; Ebrvirr Sdrect Pubtiafo 
ins Co* 1984; 327. 

7. Kaoaood SIC. Lcndsv IP* Jtoehr AC 
Scbenktr M. Cotiscboa nod anafyb* of akocure 
as » mjukm foe tvmmamMl tobacco recto 
reo* Environ 1997; 21:437-42. 

8. SA5fo«ituS4fo&SA5uart|u>dcStib«taa. 

3 th ad. Car* NC: SA5 tnjtman foe, 1985. 

9. Frisdaaa GU Pccni Dl> Irb JUX Prev*. 
knot and comfotre of psarre nofop Are J fnfo 
tic Health 1943; 73:401-3. 

10. Sp®ftoJBlBod^0W # Ttop»WA*EW* 
son JM* Faria iO Jr. Loct-wm tmmumutm 
of raspirebit suttasi aad parddai i&bd* tad 
odt boan A&M Environ 1981; 13:23-XX 

It Braacfcrerf 4 BoWJ JSM. Lonp-ura sre* 

i|p ■HpaiUd p m^qjin mann don ^ 

ert 1 boose fot ArehOocup Environ Hmhk 199% 
30&9-902. 

12. MareaosnM. UoosrsXOk»diX1bo8> 

tn H. Ejdmsrion of psreons) ntpsmmo tobMso 
sooks «Hb s OfsrtT drvcfopsd sfoodns premsl IV 
Dootor. Environ tor 1944; 33014*27. Q 

13. Ksndsnon FW, told HP. Morris ft . 0 + Ts 
Hoot skoioodos kvsli and sriasry eonfos •* i; 
credo* m proebod cb&bm. Am tov ftrepir D*a W 

1949; 140:197-20L _ CO 

14 Couhns Dft* Horerd CCWttl 0TT, Stippre 

Bl.Ssnmm.Sslrio7Cotfooikvriiod io c to 
tarrtobsooo snoks ntponst :fo dta&m and sAsto w 

in Nan Mnaag Are tov l^s Dk 1997; 13icJ04-4 y ( 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 



A Personal Monitoring Study to Assess Workplace Exposure to 
Environmental Tobacco Smoke 

David B. Coultas, MD, Jonathan M. Samet, MD. 'John F. McCarthy, ScD, and John D. Sfengler, PhD 


Abstract! We earoiled 15 nomnoUaf volunteers to eveluete the 
feasibility of measuring personal exposure to environmental tobacco 
smoke (ETS) at work and to characterize workplace exposures. 
During one work shift, we obtained questionnaires on exposure, 
saliva and urioe for cotinine. and persooal air samples far respirable 
panicles and nicotine. Tbs levels of cotinine. respirable particle*, 
aad nicotine varied widely with self-reports of exposure to ETS, but 
on avenge increased with increasing exposure. (Am J FuMte Health 
1990; 9K9U-990.) 


Introduction 

While health effects of passive smoking on children and 
adults have been identified, the principal location of exposure 
investigated has been the home. 1 - 1 Workplace exposure has 
received less a ttentio n, and health effects of environmental 
tobacco smoke (ETS) in the workplace remain controversial. 

We enrolled 15 nonsmoking adults to determine the 
feasibility of measuring personal exposure to ETS at work 
and to characterize workplace exposures of this small group 
of subjects; Indicators of exposure, measured during a 
workday, included questionnaires, personal samples for 
respirable panicles (RSP) and nicotine, and urinary and 
salivary cotinine. 

Methods 

Between October 1986 and May 1987, 15 nonsmoking 
volunteer* (eight men, seven women). 18 years of age and 


From th« New Mexico Tumor Rtfbtry. Canotr C«ter (Coutttt. SamcU 
and d» Depwtmcflt of Environmental Sdcacr EatiMcriof. Harvard School 
of Fubfe Health (McCarthy. Speefler). 

Address reprise requests to David B. Coulcas. MD. Aulnuf Professor of 
Mcdidne. Ifmvmiry of New Mexico Medical Center. New Mexico Tumor 
RefUtry. 900 Camino de SaJud NE* Albuqueroue. NM. 17131; This paper, 
submitted to the Journal July 31. 1909. was revised and accepted lor 
pub ti ca ti on January it* 1990. 

O 1990 American Journal of Public Health 0090-003^9011 JO 


BBS 


older* were recruited from the Albuquerque, New Mexico 
area. We obtained exposure questionnaires, saliva, urine, 
and personal air particle samples during one workshift. The 
saliva and urine specimens were obtained before and after the 
workshift. Cotinine was quantitated by a double antibody 
radioimmunoassay, as described by Langone, et ai.> Details 
of tbe assay in our laboratory have been reported previously.. 4 

During tbe workshift. each subject wore a personal 
monitoring pump running at 1.7 tfatin with a 10 mm ayiOn 
cyclone clipped to the shin collar.* RSP samples wen 
collected on 37 mm Fluropore filters (MOiipore Corp). Nlc- 
otioe was collected on a glass fiber backup filter treated with 
sodium bisulfite to minimize volatilizationyriter extraction 
from the filter, analysis for nicotine was done oq a gas 
chromatograph with a Same ionization detector.* The recov¬ 
ery of nicotine by this procedure has beea shown to be 98 
percent efficient. 

From the questionnaires, we derived measures of expo¬ 
sure including the total number of cigarette smokers and total 
number of hours exposed during the works hift. T o describe 
tbe relationships among the measures of ETS exposure. 
Spearman correlations were calculated. Data analysis was 
performed with standard programs.* 


Results 

Occupations of the subjects were diverse (Table l);mean 
age was 44,g years; average duration of the workshift and of 
the personal monitoring was 6.5 hours (SD - 2.0). 

Exposure to cigarette smokers at work was reported by 
13 of the 15 participants. Of the 13 reporting exposure, two 
reported exposure to crowds of smokos during their work* 
shift and the remaining 11 encountered amean of 8.8 smokers 
(SD £ 6.7). The mean reported hours of exposure was 3.4 (SD 
s 2.1). 

Respirable particle end nicotine concentrations varied 
widely with the reported number of smokers and bouts of 
exposure. Tbe mean concentrations for RSP and nicotine 
were 63.9 tlgftn* (SD - 41.5) and 20.4 itg/mMSD - 20.6), 
respectively. Correlations between the atmospheric markers 
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TABLE 1—Onncrlprio* of ParifeJpnmt to a PareOfial Monitoring Stuffy of 
to Environmen ta l Tobncoo Smoke at Worts* New 
Mexico, 1985-87 


Ocoupatton/Wortptooe 

Workanm OurattorV 
Exposure Duration 
(hours) 

RSR 

Wm’l 

Mtootn. 

mm 

PbytfdafVHMpittl 

IS 

$24 

104 

Social iWorkerrOllten 

VO 

44.0 

24 

Stock BroketfOHcn 

8/2 

894 

72 

Bun Boyrttoetaurent 

VS 

145.3 

454 

Mnintennncv Womer/ftetatf Store 

VS 

85.2 

8.9 

BwOer/Barber Shop 

VO 

14.7 

44 

Barber/Sarber Shop 

V* 

145.5 

13,7 

Vokmtner/Hoapital 

va 

804 

464 


tntarvNwac/Fubllc Tumpanicn 

yz 

A0 

0.0 

Travel AqerWOfffee 

vs 

85.7 

504 

Travel Aqent/OEce 

V4 

82.1 

45.7 

Aaonwy/OffiC. 

VS 

834 

54 

Votonteer/Nospital 

4* 

27.8 

43 

Votomeer/Honpkal 

4/3 

252 

8.7 

Votontnor/Hospitaii 

4/4 

532 

532 


sod the questionnaire measures of exposure to ETS were 
moderate (Table 2). 

As was observed for the atmospheric markers, the 
post-workshift urinary and salivary cotinine levels varied 
widely with self-reported exposure. Io comparison with 
pre-workshift levels, post*workshift levels were not consis¬ 
tently increased. The mean prc-workshift urinary and sali¬ 
vary ^cotinine concentrations were 31.8 ng/mgCf (SD ± 67.6) 
and 2.9 ng/ml (SD 3: 5.0); respectively. For the post¬ 
work shift levels, the corresponding values were 19.7 ng/mg 
Cr (SD ± 43.2) and 3.5 ng/ml (SD i 5.9). 

Spearman correlation coefficients were calculated to 
examine the relations among the questionnaire variables, the 
atmospheric markers, and urinary and salivary cotinine 
(Table 2). Moderate correlations were obtained for self- 
reports and cotinine levels, and nicotine level* and cotinine 
levels; However, RSP levels and cotinine concentrations 
were not correlated. 


TABLE a S pea rmen Cor re le Co n n betw e en Various m ec n urec of Emv 
ronmertM Tobacco Smoke at WortL New Mexico, 1965-47 


Correlated Measure# 

N 

r 

RSA Wbr*) with: 

Nicotine 

IS 

0.57* 

Total number of smoker* 

15 

0.44 

Total bourn of exposure 

15 

0.53* 

Pootahih urinary cotinine 

14 

0.05 

Poetshilt salivary ootinino 

11 

-om 

Nicotine (uo/m*) witr. 

Total number of smokers 

15 

oj 8r 

Total hours of exposure 

15 

0.54* 

PotftMlwlnaiyeaMn. 

14 

0.80* 

Postshffl sstivtry cotinine 

11 

0.48 

Poetartft urinary cotinine 
(nWmq CO with: 

Total number of amokera 

14 

049 

Total hours of exposure 

14 

047* 

PomMI 3aHVwy CMMin* 

(ng/mt) wittc 

Total number of amokera 

11 

0.83* 

Tottthow^lwipowr* 

11 

0.45 


y<om 
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Discussion 

The controversial effects of involuntary smoking in the 
workplace need further investigation. The conduct of such 
research would be facilitated by the development of unintru- 
sive and accurate methods of exposure assessment. Alter¬ 
native approaches include active and passive monitoring^ 
biological markers, and questionnaires. We have shown that 
personal monitoring for tobacco smoke components can be 
accomplished in the workplace. However, many employers 
and employees would not participate in the study because of 
concent about the wearing of pumps. 

Despite the small number of subjects studied in this 
investigation, objective evidence of exposure to ETS was 
obtained in various workplaces. The levels of RSP and 
nicotine were similar to those observed in other 
investigations.***- 1 * However, few of these studies included' 
information on the intensity and duration of exposure io 
ETS.** 

We observed moderate positive correlations among the 
questionnaire measures of ETS exposure, the results of 
personal monitoring for RSP and nicotine, and measurements 
of urinary cotinine. Each of these types of measures provides 
a differing index of exposure to ETS. 1 The questionnaire 
measures t hat we re used assess source strength, but concen¬ 
trations of ETS are also influenced by room volume and 
ventilation. Nicotine is a specific marker of exposure to ETS, 
whereas RSP is nonspecific. Cotinine levels reflect nicotine 
exposure, but also are determined by timing of specimen 
collection** and uptake and metabolism. Thus, tight concor¬ 
dance among these broad indicators of exposure used in this 
study would not be anticipated. 

Because of the differing characteristics of question* 
naires, personal monitoring* and biological markers for 
assessing ETS exposure, no single method should be con¬ 
sidered as optimal for studying the workplace. We recom¬ 
mend that assessment of ETS exposure in indoor environ¬ 
ments should utilize multiple approaches to characterize 
short- and long-term exposures. In population studies, ques¬ 
tionnaire measures of exposure offer the simplest approach 
with personal atmospheric markers and biologic markers 
providing methods for estimating the potential magnitude of 
misclassification of seif-reported exposure. 
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EYE HOSPITAL EYE 

SIR*—We read your Nov 5 editorial with special interest because 
we have recently experienced a large hospital outbreak oTepidemic 
keratoconjunctivitis due to adenovirus type 6 which illustrates 
many of the points you emphasise, to one res pea, however* our 
experience differed. Whereas you state that "the virus seldom 
spreads to family memb e rs** we found domestic transmission was 
frequent and serious. Of 161 virologies lly proven cases where an 
epidemiological history sms available* 26 (16%) resulted from 
transmission within the family. This figure underestimates the true 
extent of domestic transmission since by no means all the secondary 
cases attended the eye hospital and so were not investigated 
virologically. Transmission to spouses, children* and grandchildren 
was recorded* and transmission was mot restricted just to those 
relatives who helped to put drops into an infected person's eyes. 

It is very important lor every patient with possible adenovirus 
keratoconjunctivitis to be warned by the examining 
ophthalmologist* as early in the infection as possible of the 
possibility of family spread. Patients should be told how the virus 
may spread from eye to eye in ocular secretions and advise on 
hygienic measures such as the use of separate towels and pillowslips, 
the uk and careful disposal of paper tissues rather than 
handkerchiefs, and the oecd for thorough handwashing after the 
infected eye h» been touched. 

Whilst control of an epidemic depends, at you emphasised* on 
preventing the spread of virus within the eye hospital* effort should 
also be directed towards avoiding tram mission at home. However* 
despite medical advice to an individual about hygienic measures* 
transmission! may still occur within the family, became of the 
infccitvityof the virus under conditions of dose domestic contact. 

Nan* Mjurfcnttr tUtmtl Vina 
lifcinurj. 

Ink H*U 

MucScMCf MS 2AA SHIRLEY RICHMOND 

M . *a m mUrpl Eyt Hi— s l OtUTFOrHER L. DOOD 


Sir,—‘Y our editorial correctly indicates the dominant importance 
ofhospitals and ambulance rooms in the spread of eye infections and 
the value of t horough washing with soap and water for preventing 
spread. Without decrying the value of hypochlorite and chloramine 
T, it is worth emphasising that the simple measure of thorough 
washing of hands and instruments with soap and running water can 
arrest hospital outbreaks. 1 2 Transmission within the home and in 
other non-hospital* non-industrial settings can also occur when 
hygiene is inadequate. Several examples of this were seen during 
epidemicsof keratoconjunctivitis on Clydeside, with a secondary 
attack rate of 2% in family comaas surveyed during the 1971-72 
outbreak. 3 


ftynn nifh tit iii D i M n, 

Dnram tScibMt Um. 
•NRniWVtfMUmy. 
R«cMIH«*iuL 

Ctw#Mr GjOfNi 


Norman R. Grist 
Daniel Reid 
Eleanor J. Bell 




Sir*—P rofessor Correa and colleagues (Sept 10* p 595) have 
provided funher evidence that passive smoking is a risk factor for 
lung cancer, but even more interesting was the association of lung 
cancer and maternal smoking only among smokers. 

Observations about passive smoking should be considered against 
a background of naturally occurring radioactivity in dwellings—ic* 
radon emanat ing into houses from the ground and from building 
materials. 1,1 The decay of radon results in •'■emitting radon 


1 *<|«IMl)ll.(^i«n VI. MiUua 3i| K yufcw wcSrr w ci Mwm imm Am] /Wtf/Jt* 

l«7ft.M: 

2 R««J II. McU H. «M*M N*lt.T«»fcw IC tMrt |R m rbc 

s>u W |*74. »: IIT^M 

t t.tilt Kt) Amomm4m «4 orhMMr J*wI iw tMirmiM 

***** /*«< SLJW*4 t«M.lS:;iw«-7lt: 

* virn k. Ih-firt* L. 1 |Wi»th t* AwuJt •* r«tM m 4«tUi<wi /Am** i/M„ |«7i.i 

Hi 411- 21 


daughters, which attach to aerosol particles in indoor air,* such as 
cigarette smoke, and radon daughter exposure is • well-established ** 
risk faaor for lung cancer among miners. 4 * * In support of this view, 
we wish to present some preliminary studio of indoor radon 
daughter concentrations as influenced by cigarette smoke. The 
accompanying figure shows the build-up of radon daughters in a 
room after the mechanical ventilation has been turned off and the 
additional concentrations obtained by burning ciprates. Radon 
daughter concent rat ions teem to almost double. The instrument we 
used was a WLM-300 (EDA Instruments, Canada) and twelve 
cigarettes were passively burned in a room of 24 m\ with no-one 
present. 




Mcaa and upper and lower curvet fur ndM daughter 

ia four eaperimeutt wiih( — — - - )aod three espcrhimittwiUMUt 
(—I cigarette t m uR e . 

Mechanical veiuilatiaa was named a/Tat the begianing ofcxpenowni and 
•uned again at the end. 


Stirring the air tends to csuk the radon daughters to attach to 
walls and furniture and aerosols provide additional! surfaces for 
attachment—ie* there could be even greater differences in radon 
daughter concentrations in the absence and the presence of cigarette 
smoke under normal home conditions, when people move around 
causing some cirnibtion of the air. Although we turned ofT the 
ventilation to increase the background of radon daughters and to 
facilitate the measurements, the concentrations found are by no 
means remarkable; the Swedish standard permits up to 400 Itym’ 
EER (equilibrium equivalent radon); and thousands of homes have 
even higher concentrations. 7 —* ■> 
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INDOOR RADON DAUGHTER CONCENTRATIONS AND 
PASSIVE SMOKING 
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Radon daughter exposure is a well-known cause of lung cancer in miners. Since radon daughters are 
known to attach to aerosol particles, k was also of interest to study to whac extent radon daughters in 
indoor air might attach lo cigarette smoke. Experiments were undertaken, which t hawed that moderate 
of radon daughters indoors could increase considerably and even more than double in the 
presence of cigarette smoke. The rndoo daughter levels obtained together with cigarette smoke may imply 
a risk of hang cancer for active and passive smokos. 


introduction 

Passive exposure to cigarette smoke has been associ¬ 
ated with various nonmaiignant diseases in humans 
and several studies also suggest passive smoking as a 
risk factor for lung cancer (Correa «t at., 1983; Hir- 
ayama, 1981; 1985; Trichopdulos et at., 1981). Fur¬ 
thermore, in one of these studies, children of smoking 
mothers; i.e., passive smokers, who themselves take on 
smoking, were found to have an added risk of develop¬ 
ing lung cancer later in life (Correa et at., 1983). 

Not only the toxic properties of various chemical 
components: in the sidestream smoke are of interest, 
but also decay products of radon as present in indoor 
air, i.e. the radon daughters (radioactive isotopes of 
lead, bismuth and polonium). Radon emanates from 
soil, water and building materials and becomes dis¬ 
persed. in the air in the gaseous phase . One of the 
factors that influences indoor radon levels is plateout, 
the deposition of airborne radon daughters onto sur¬ 
faces. This is affected by the ventilation rate, air filtra¬ 
tion; deposition on walls and attachment to aerosol 
particles, cigarette smoke included (Bergman and Ax¬ 
elson, 1983; Jacobi, 1972; Jonassen and McLaughlin, 
1982; Kruger and 1 Ndthling, 1979; Porstenddrfer et 
at., 1978). Radon daughter exposure is a well-known 
risk factor for lung cancer among miners, both in the 
context of uranium mining and in other metal and iron 
ore mining (Axelson, 1982); and might therefore also 


be suspected to impose a hazard to the general popu¬ 
lation through exposure in dwellings. 

Radon daughters occur indoors in varying concen¬ 
trations (Akerblom and Wilson, 1982; Qiflf,. 1978; 
Stranden et at., 1979). The levels can be quite high, 
sometimes even exceeding the standard permitted ! for 
exposure in mines. Indoor radon might escape from 
stony building materials, but particularly high indoor 
levels of radon and radon daughters usually depend on 
a leakage of radon from the ground into the houses, as 
revealed in a countrywide study in Sweden (Akerblom 
and Wilson, 1982). 

The aim of die present investigation was to further 
study the tendency of cigarette smoke to attract radon 
daughters, thereby increasing the airborne indoor ra- 
1 dioactivity. Some quantitative aspects of the problem 
were studied also, i.e., the influence of the number of 
cigarettes smoked in various environments. 

Materials and Methods 

The experiments on radon daughter concentrations 
and passive smoking were undertaken against a vary¬ 
ing background of radon emanation, i.e., in three dif¬ 
ferent localities: a room at the Department of 
Occupational Medicine, Linkdping (lowest), a base¬ 
ment room in an apartment house and a room in a villa 
(highest). 

The volumes of these rooms were about 30, 25 and 
40 m*. respectively, and there were mechanical venti- 
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lation systems automatically working in the daytime 
but not in the night hours in the lust two localities but 
possible to regulate in the villa. Hence, the radon and 
radon daughter concentrations could periodically in¬ 
crease t o a great er or lesser extent. 

Between 2 and 12 cigarettes were passively burnt 
within an hour at a point in time when the radon 
daughters had reached a relatively stable concentration 
after the tum-off of the ventilation some hours earlier. 
The radon daughter concentrations (i.e., potential al¬ 
pha energy concentration) were measured by a direct- 
reading instrument, WLM 300 (EDA Instruments, 
Canada), utilizing a filter and an alpha radiation detec¬ 
tor. Readings of the rad. n daughter concentrations 
were obtained 10 times per hour throughout the time 
period under study. The results are given in Bq/m 3 
EER (equlibrium equivalent radon; ICRP, 1976), al¬ 
though simply referred to as Bq/m 3 l This unit can be 
converted to working levels (WL) by dividing by 
3700* 

Stirring the air tends to cause the newly created, 
electrically charged radon daughters to attach more to 
walls and furniture, in a similar manner as they attach 
to aerosols. This phenomenon is referred to as the so- 
called wall effect. TO account for this effect a small 
turbulence fan'was used in some experiments to sim¬ 
ulate the natural movements of the indoor air, needed 
because no persons were present in the rooms during 
the experiments. Each experiment was terminated 
with a turn-on of the ventilation: 

Results 

The main results of the experiments are given in 
Figs. 1—4, where the build-up of radon daughters is 
shown in the absence and presence of cigarette smoke. 
One to five experiments were made under the same 
conditions, and the figures show the extreme curves 


along with the averages in the absence and presence 
of cigarette smoke. 

In the room with the lowest radon daughter concen¬ 
trations, only - a small absolute increase in rado- 
daughters was obtained with the introduction of cig 
retie smoke (Fig. 1, the broken line), whereas the 
other experiments resulted in distinct increases in the 
radon daughter levels (Figs. 2 and 3). Only one exper¬ 
iment was done in the room of the villh but a quite 
clear increase in the concentration was obtained,,i.e. 
from about 700 Bq/m 3 to alinost 1500 Bq/m 3 with only 
four cigarettes (Fig. 4): Also in the room with the 
intermediate radon daughter level, about a doubling of 
the concentration took place after the burning of 12 
cigarettes (Fig. 2). With the small turbulence fan 
present, the background radon daughter level became 
lower and the increase therefore relatively higher (Fig. 
3). Furthermore, in one experiment (not shown) with 
the turbulence fan in operation, only 2 cigarettes in 
the room with the intermediate radon emanation raised 
the radon daughter level from a background of about 
100 Bq/m 3 up to about 200 Bq/m 3 . 


The conclusion from the results of these experi¬ 
ments seems to be that the indoor exposure to radon 
daughters may increase considerably in the presence 
of cigarette smoke, presumably because the newly 
formed, electrically charged daughters tend to attach 
to the smoke particles rather than to the walls, fum 
hue, etc. The relative decrease in the concentrations, 
as obtainable with the turbulence fan and only in the 
absence of cigarette smoke, supports of this idea. The 
increase of radon daughters with increase of aerosol 
concentrations also are in accordance with other ex¬ 
periences (George et al., 1983; Jacobi, 1972; Jonas- 
sen, 1984; Porstenddrfer etal., 1978). 


Discussion 



Fig. 1. Radon daughter concentrations in one experiment without Fig. 2. Mean, upper and lower curves for radon daughter concent) 

(—) and three with (-) cigarette smoke. Twelve cigarettes burnt tions in four experiments without (■-) and with (—) dgareti 

at 0. No fan in use. smoke. Twelve cigarette* bunu at 0. No fan in use. 
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Fig. 3. Mean, upper and tower cm tor radon daughter concentra¬ 
tions in five experiments wirti (-) and without (—) cigarette 

anoka. TweWt cigamtes burnt at 0. Fan m use. 

However, cigarcncs are also known to contain some 
amount of radioactivity, usually measured as polon- 
him-210 (Radford and Hunt, 1964; Surgeon Genera], 

1982) . However, this radioactive content does not 
seem to play a significant role, as there was only a 
slight increase of the radon daughter levels in the pres¬ 
ence of smoke but in the absence of any substantial 
radon emanation into the room. 

The accuracy of our measurements might be ques¬ 
tioned and unfortunately no particular comparison 
with other methods was possible. The results reported 
might therefore be valid only for those specific condi¬ 
tions under which they were obtained. However, our 
experience is that the results are reproducible, as in¬ 
dicated by the narrow range between the upper and 
lower curves in Fig. 2. Some uncertainty might exist 
with regard to the absolute concentration levels, but 
even so the readings obtained should be sufficiently 
correct in relative terms for the purpose of these ex¬ 
periments^ 

The biological importance of the relation of ciga¬ 
rette smoke and radon daughter exposure remains to 
be further evaluated, both with regard to the charac¬ 
terization of the airborne fraction of the daughter 
products and through epidemiologic studies. There are 
difficulties in assessing the relationship between ex¬ 
posure to radon and radon daughters, as measured by 
air sampling, and mathematical models (Stranden, 
1979K as well as epidemiological approaches (Edling, 

1983) . On the basis of these experiments it can be 
concluded that the radiation risk resulting from the 
presence of radon in ambient air can be significantly 
increased as a result of presence of tobacco smoke. 
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ENHANCEMENT OF EXPOSURE TO RADON 
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Among indoor air pollutants, radon tad tobacco smoke ukc dominant potitioai. Because radon ft 
decay product! have a relatively abort reiideace time in air. the extent of the equilibrium between y 
radon and iu daughter product! if linearly proportional to the carcinogenic riik, at leant at low & 
eapofure level*. The relevant factor it the equilibrium factor F. This paper disseises the <| 
enhancement of radon exposure a* a reeult of the presence of particulau matter originating from V 
tobacco amoke. The ptcaeaee of tobacco smoke provide! a mechaaiim for radon progeny to be X 
attached to inhalablc particle! and to remain in indoor air for a prolonged time. The reinlu of * 
our study indicate a lignificaat inereue in F u a consequence of puiiva fmoking. These £ 
modelling efforts are consistent with the experimental data reported previouily. .5 


INTRODUCTION 

The potential risks associated with radon exposure 
and its progeny have been known for several decades. 
Much of the current knowledge has been gained from 
the study of uranium miners. There have been numer¬ 
ous reviews of uranium miners who worked in the Erx 
Mountains and in Joachimsthal (both in Europe), in 
the Colorado Plateau in the U.S., in Canada, and in 
several uranium and other mines. The risk estimates 
for radoo derived from these data require an extrap¬ 
olation from high-e xposure levels, common in mines 
during the period of study, to environmental levels. 
The problem is aggravated by insufficient knowledge 
of radon levels in the mines, the level of smoking 
among the miners, the exposure to other carcinogenic 
substances, including carcinogens and promoters in 


the mine, and other activities of the miners; In spite 
of this, the results of the risk estimates, as performed 
by various investigative groups, are remarkably sim¬ 
ilar. The International Council on Radiological Pro¬ 
tection (ICRP) has provided risk factors for radon 
exposure based on the models 1 developed by Jacobi 
(ICRP 1987). These estimates deviate somewhat from 
those provided by the National Council on Radiation 
Protection and Measurements (NCR? 1985) which 
relied on the model developed by N. Harley. The 
National Academy of Sciences: provided risk esti¬ 
mates in ita BEIR III report (NRC 1980) and again 
later in its BEIR IV report (NRC 1988). The uncer¬ 
tainties of risks of exposure to radtfB can be assessed 
by comparing the risk estimates provided by these 
organizations. For example, the BEIR IV estimate is 
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lower by a factor of 2:1 than the BEIR III, and higher 
by a factor of 2:7 than the NCRP estimates. Despite 
the available data; none of these groups has attempted 
to provide a statistical uncertainty associated with 
the risk estimate. 

Inithe past it was assumed that natural radioactiv¬ 
ity was inevitable and thus acceptable (FRC I960). 
Although radon measurements in indoor air were 
known for some time (Haque et al. 1965), the high 
radon; concentrations measured in homes built over 
uranium mill tailings (Culbtand Schiager 1973) drew 
attention to the potential risks associated with radia¬ 
tion exposure emitted from naturally occurring radio¬ 
nuclides. Despite the comparatively large radiation 
exposure from natural sources, many industrialized 
nations insisted upon substantial expenditures to re¬ 
duce radiation exposure originating from industrial 
activities while failing to recognize the necessity to 
control the total radiation exposure. Regulatory agen¬ 
cies in the U.S. have recognized only recently the 
significance of radbn as an important source of pop¬ 
ulation exposure dbspite the fact that high levels of 
exposure were predicted (Moghissi and Carter 1974; 
Moghissi and Carter 1976). 

The importance of tobacco smoke as a causative 
agent for the significant increase in the lung cancer 
rate of the population has been recognized for some 
time (Terry 1964). The number of studies dealing 
with tobacco smoke and its impact on human health 
is large and includes numerous critical reviews. Since 
the impact of smoking on human health is not the 
subject of this paper, it will not be discussed any 
further. The significance of passive smoking as a 
potential carcinogenic risk has been only recently 
recognizedl The National Academy of Sciences (NRC 
1986) evaluated the significance of environmental 
tobacco smoke (ETS) and provided evidence that 
ETS poses an adverse human health risk. Repace and 
Lowrey (1985) evaluated the epidemiological infor¬ 
mation on ETS and concluded that ETS caused a 
major portion of the lung cancer in the nonsmoking 
population. These authors also provided measured 
data on the concentration of particulate matter in 
several commercial establishments (Repace and Lowrey 
1960). 

This paper attempts to demonstrate that ETS en¬ 
hances radbn exposure. This enhancement is demon¬ 
strated to result in %n enhancement of the risk of 
radon exposure. 

RADON DOSIMETRY 

There have been numerous studies dealing with 
radon dosimetry. These are included in 1CRP (1987), 


NRC (1988), NCRP (1985), and numerous: other re¬ 
ports. The choice of the dosimetric model has no 
significant impact on the outcome of the results of 
this study, One possible area of concern is the impact 
of the unattached fraction of radon progeny. Certain 
models, notably the JCRP(1987), assign a higher risk 
to the unattached fraction of air as compared to that 
attached to comparatively larger particles. 

It is well known that the radiation dose delivered 
to the lUng is caused by the deposition of radon 
progeny, notably m Po, ,u Pb. ,u Bi. and ,u Po. The 
traditional method of evaluating; radon exposure is 
based on the working level, WL. defined as 
100 pCi Rn/L of air in secular equilibrium with its 
progeny. The SI equivalent for WL is J/m* and 
1 WLM corresponds to 0.0035 Jh/m\ Because radon 
is seldom in complete equilibrium with its progeny, 
the relevant equilibrium factor is F, defined as the 
ratio of Rn with its daughter products, 

Although it has been known that F depends strongly 
upon the presence of particulate matter in air. it has 
been mostly assumed that the concentration ofparti- 
des is usually constant in indoor air and these F-valucs 
of 0:5 have been assumed conservatively (Haque et 
al. 1965). However, tbe recent acceptance of indoor 
air as a major source of exposure to air pollutants has 
directed attention to the enhancement of the impact 
of one pollutant as a consequence of the presence of 
others. 

VARIATION OF F WITHIN INDOOR AIR 

Tbe literature is voluminous; on the relationship 
between the presence of paniculate matter and tbe 
F-valbe. Swedjemark (1983) developed appropriate 
equations based on theoretical studies conducted by 
Wicke (1979) and Porsteudoerfer and Mercer (1978): 
George et al. (1983), Jonassen and McLaughlin (1982), 
and Porstendoerfer et al. (1978) published results of 
their studies on the various parameters impactiag the 
F-factor. Many of these studies are based on the 
initial model developed by Jacobi (1972). 

The conceptual design of all of these stodies is 
based on the following principles. Radon is released ** 
from the soil or building materials at a constant rate 
and radon daughters are produced in accordance with 
the radioactive decay. Because these decay products V. 
are charged and are monoatomic, they are rapidly 
deposited on available surfaces. Accordingly, the de- q* 
position rate is proportional to the surfac es available ■ 
in indoor air. Tbe exchange of indoor air with fresh r « 
air removes the radon and particulate matter, and the *■» 
removal rate is proportional to the air exchange rate, .r^. 
Instead of relating tbe deposition of radoo daughters 
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to die available surfaces, the number of particles per 
mL of air may. be used.as a substitute for the surface. 
Given the large uncertainties associated with model* 
ling and the experimental set-up, this approach seems 
to be appropriate. 

STUDY APPROACH 

The objective of our study is to evaluate the poten¬ 
tial enhancement of the F-value as a consequence of 
ETS presence in indoor air. Our study is based on 
Swedjemsrk's equations (1983). We chose the ex¬ 
tremes of the air exchange rate (0.2 to 2) and the 
particulate matter to demonstrate the impact of ETS. 
We assumedi particles associated with tobacco smoke 
do not have unique properties that impact the depo¬ 
sition of radon progeny. Similarly, we have not cho¬ 
sen a typical value for the concentration of tobacco 
smoke because such a concentration depends upon a 
variety of parameters which are site-specific. 

RESULTS AND DISCUSSION 

Fig. 1 contains the results of the modelling efforts. 
The F-values are computed for air exchange rates 


ranging from 0.2 to 2 per hour and appropriate con¬ 
centrations of particulate matter. 

For low aiir exchange rates, the presence of parti¬ 
cles significantly increases the F-valiie. As the air 
exchange increases, the presence of particles has less 
of an effect on the F-value. It can be seen that the 
F-value is significandy enhanced by the presence of 
pardcles originating from tobacco smoke. The results 
of our study are in agreement' with the findings of 
Bergman et al. (1986), who experimentally demon¬ 
strated a five-fold increase in the F-valtie as a result 
of the presence of tobacco smoke; 

One area of concern is the unattached fraction of 
Rn and the impact of pardcles as well as air exchange 
on the possible removal of the unattached fraction of 
Rn progeny. Because the attachment rate of the unat¬ 
tached fracrion is significandy higher than other pa¬ 
rameters. it is unlikely that the results of this study 
will be appreciably impacted by the consideration of 
unattached fracrions of Rn. 

CONCLUSIONS 

It appears that ETS presents a greater risk than 
andcipated. In addidon to its own risk, it may also 
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be • significant eufaincer of ndon risk. On one band, 
a clear distinction must be made between synergistic 
effects of smoking and radiation and, on the other 
hand, enhancement of radiation exposure. The syner¬ 
gistic effects of (active) smoking and radon exposure 
relate to cellular effects of combined exposure to 
carcinogens present in tobacco smoke and radiation 
exposure originating from radon progeny. In con¬ 
trast, the radon exposure enhancement relates to the 
increased exposure to radon progeny as a conse¬ 
quence of passive smoking. In this latter cue, to¬ 
bacco smoke is a vehicle for the transport of radon 
daughters to the human lung. Repace and Lowrey 
(1980) have meuured concentrations of tobacco tar 
ranging from 0.1 to 1 mg/m’ in indoor air. Assuming 
a specific gravity of 0:8 and a median diameter of 
0.5 tun, one can readily calculate that a concentration 
of 10* pauicles/mL is not too extreme. Therefore, an 
enhancement factor of 5 is not unreasonable. The 
"smoke-filled room* is not a healthy place and may 
pose a significant radiation risk. 


AttMwUdtmuni — Hia research wit supported by « gnat of 
tbs U.S. Department of Energy to ths lostiiuu for Regulatory 
Science. Ths viiwt expressed is this paper art those of tba aoibon 
and do not necessarily represent tha views of the UiS. Dtpanacat 
of Energy. 
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CORRESPONDENCE 


Indoor Radon tnd Long 
Cancer in China 


Vlfe read with great interest the recent 
paper by Biot etgMJ). Their study aw 
an elegant technical application of a 
case-control design to an important 
question of the relationship between 
residential radon exposure and lung 
cancer. The case-control design is cer¬ 
tainly appropriate for investigating this 
relationship However, there are sev¬ 
eral important problems that would 
preclude the detection of radon-in¬ 
duced King cancer in this population. 

First, the choice of a population with 
"exceptionally high rates of lung can¬ 
cer," but without exceptionally high 
radon levels (mean, 2.3 pCi/L; 20% of 
levels exceed 4 pCi/L), is curious. 
Clearly. one would not expect many of 
die excess lung cancers in this popula¬ 
tion to be attributed to radon. In fact, 
one would anticipate, a priori, that the 
effect due to radon would most likely 
be obscured. 

The high levels of other indoor air 
pollutants, particularly benzo(a]py* 
rene at levels 70 times higher than in the 
U.S:, would provide a biologically 
plausible alternative hypothesis for the 
excess malignancies. As the authors 
state, "confounding by other risk fac¬ 
tors may have hindered detection of 
increased risks among women exposed 
to high radon levels." Certainly, the 
excess malignancies due to such risk 
factors would dilute the ability to detect 
radOn-induced malignancies, unless 
there was a significant positive interac¬ 
tive factor. 

Second, the consistently high, in¬ 
door dust levels will have significantly 
reduced the exposure dose of the respi¬ 
ratory epithelium i to alpha radiation. 
The unattached fraction of radon 
I daughters will decrease in this setting, 
foweiing the dose of radiation to the 
respiratory tractforany given exposure 
level measured by alpha-track. The 
number of radon-induced lung cancers 
for a given ambient exposure level 
could be significantly reduced by this 


effect. The authors state that they 
attempted to adjust for this effect by 
comparing lung cancer rates at high 
and low indoor air pollution levels. 
However, uncertainties relating to this 
adjustment render it meaningless be¬ 
cause (o) even the lower air pollution 
categories were dusty by western stand¬ 
ards, (b) as dust levels increase, there is 
an increase in exposure to other car* 
tinogens. which would be expected 
cause an increase in non-iadon-in- 
duced lung cancers, tending to otfset 
any decrease in radon-induced lung 
cancers associated with increasing dust 
levels, and (c) there is inadequate infor¬ 
mation about dust panicle size distri¬ 
bution to predict the relative dos¬ 
imetric effect of the authors’ categories 
of dust exposure. 

A third problem, common to all 
current epidemiologic investigations of 
residential radon, is the uncertain rela¬ 
tionship between currently measured 
levels and lifetime exposure doses. This 
uncertainty, even when using year-long 
alpha-track measurements, creates a 
bias to underestimate the effect of 
radon due to potential misclassifica- 
tion of exposure. 

It is interesting, despite all of these 
problems (low exposure levels, a fur¬ 
ther dosimetric reduction of exposure 
due to dust, exposure to other lung 
carcinogens, and uncertainty in esti¬ 
mating historic exposure), that a slight 
upward trend for small cell carcinoma 
of the lung was nonetheless linked with 
increasing dose. As the authors point 
out; it is this histologic form of lung 
cancer that has been dispropor¬ 
tionately increased in other radon 
studies {2-4% The importance of this 
finding must be adequately stressed. 

Although the authors recognize 
some of the noted limitations of this 
study, additional caution must be ap¬ 
plied. It would be inappropriate to 
suggest, on the basis of this study, that 
indoor-radon lung cancer risk has been 
overestimated. Further, readers must 
be advised that this study provides no 
justification for raising the remedial 
action level of 4 pCi/L suggested by the 
Environmental Protection Agency. 
The press is closely following and 
reporting on radon investigations and 
cautions to avoid overinterpretation of 
the data are incumbent upon scientists 
in the field! 
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Response 


The correspondence by Upfal et al. 
raises the question of whether our 
case~control study (J) could evaluate, 
with any precision, the risks of: lung 
cancer associated with indoor radon in 
Shenyang, China. Particular concern is 
expressed that the dustiness of homes 
in Shenyang may have influenced radi¬ 
ation dose to lung tissue. Although this 
issue could not be directly cvaluted; it 
seems likely there was substantial vari¬ 
ation in tissue exposure among the 
women studied because the differences 
in home air radon levels were so great. 
The median radon levels were 7.6 times 
greater in the high versus low exposure 
groups. Further, even dustier condi- 
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Contamination of Individuals by Radon Daughters: 
A Preliminary Study 
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ABSTRACT. Body radon daughter contamination reflect! relative individual respiratory ex¬ 
posure* to radon daughters; counts can be related both to household radon levels and to 
lung cancer risk (actors such as sex and tobacco smoking. Radon daughters were counted! 
by gamma spectroscopy from 1B0 adult residents of eastern Pennsylvania. A seven* 
position, 3 5-min scan was conducted in a mobile body counter, generally during afternoon 
or evening hours. TraeWtch detectors for household radon were distributed, and were re* 
covered from 80% of the subjects. Over 75% of the population had environmental en¬ 
hanced radon daughter contamination. House radon levels were strongly related, as an¬ 
ticipated, to radon daughter contamination in the 112 subjects for whom both sets of 
measurements were available (p < .001); basement measurements were as strongly related 
to personal contamination as were living area measurements; bedroom measurements 
were slightly more strongly correlated. Both sex (p < .02) and cigarette smoking <p < .01) 
significantly modified the relationships, after nonlinear adjustment for travel times. Using 
a logarithmic model, a given house living-area radon level was associated in females with 
body contamination by radon daughters 2-3 times that in males. Non smokers had 2-4 
times higher levels of contamination than smokers. Results are for the total of interna! and 
external contamination, these being highly correlated in preliminary experiments. Time 
usage and activity patterns of the subjects are believed to be important in explaining these 
findings, and I may become important variables in radon risk assessment. 
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ACTIVE TOBACCO SMOKING causes the majority of 
cases of lung cancer in industrialized societies: passive 
tobacco smoking and radon daughters are believed to 
be the next most important environmental risk factors 
for lung cancer. Several case-control studies of lung 
cancer in relation to passive smoking and radon are 
now underway. 

Concurrently, extensive public health programs and 
private commercial activities directed toward the meas¬ 
urement of radon in homes, with an aim toward re* 

Mwck/A|wfl 1W (Veil. «MNo. »] 


mediation, have arisen in response to the recognition 
that Urge regions of the United States average higher 
radon levels than previously recognized. 1 '* There are 
areas, such as the Reading Prong of PennsyKania. 
which are extreme. ■—* ■■ 

Neither in the case of passive smoking* nor in. the 
case of radon is the evidence firm regarding the real im¬ 
portance of the problem in the general population: sig¬ 
nificant epidemiological studies of radbn daughters.are 
all of miners exposed occupationally;’ Further, estima¬ 
tes 
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lion of the numbers of lung cancer cases to be ex¬ 
pected, given i published dose-response relationships 
and reported radon levels in homes, ignores complica¬ 
tions resulting from population heterogeneity in age. 
vex smoking habits, residential patterns, and personal 
time-usages. The importance of these factors is currently 
uncertain, although attention has been paid to interac¬ 
tions of tobacco smoking and radon. In addition to the 
possibility of biological synergism between radon 
daughters and tobacco smoke, 5 there is believed to be 
a positive dose interaction between the two,* - ' and 
population smoking habits are critical in the applica¬ 
tion of radon risk assessment models.* The positive 
dose interaction may translate into a doubling of radon 
daughters in the house atmosphere given a certain ra¬ 
don level, if tobacco is being smokedl"Thi$ neglects 
questions of particle size distributions and of the unat¬ 
tached: fraction. 

In this paper we present an adventitious study that 
carries empirical measurement of radon daughter ex¬ 
posures of persons in households closer to the desired 
endpoint, bronchial: epithelial dose, than do measure¬ 
ments of radon in home atmospheres. Specifically, we 
relate the combined internal and external contamina¬ 
tion of individuals by radon daughters at a point in time 
to long-term average radon levels in the home and to 
the personal characteristics of active smoking status 
and sex. Although we would have preferred to meas¬ 
ure internal 1 contamination levels only, we assume that 
total contamination directly reflects radon daughter 
levels in the breathing zone of individuals. Repeated 
point estimates of radon daughter contamination 
would also have been preferable to the single-point 
estimates available to us. 

We are not proposing our methodology as a generally 
useful approach in studies of the health effects of ra¬ 
don. We claim only that some empirical studies relat¬ 
ing house measurements of radon to exposures of indi¬ 
viduals in real populations, accounting for as many var¬ 
iables as possible which may mediate bronchial dose 
given house radon levels, are desirable. The existence 
of models, however much confidence we have in 
them, cannot be an argument against the collection 
and analysis of empirical data in the absence of the lat¬ 
ter. Only a plentitude of empirical daU is an argument 
against collecting further empirical data. 

Methods 

These data are from a study of radium contamination 
in an occupational cohort employed in the dial paint¬ 
ing industry in the post-World War II era. No detect¬ 
able occupational burdens were found. Radon is a de¬ 
cay product of radium, and the 1.76 MeV gamma ray 
from the decay of the radon daughter *'*Bi is used to 
measure radium in the body. 

Population. The U.S. Radium Company moved its 
radium dial painting operation to a community in 
northeastern Pennsylvania in the late 1940s. Radium 
was used for two decades. An employee roster was ac¬ 
quired. and: some subjects with potentially high expo¬ 
sure to radium were counted at Argonne National Lab¬ 


oratory. Ih late 1983 and early 1964 a field effort was 
made to count remaining subteas. Subieas living 
wit hin a 60-mile radius of the community, not previously 
measured at Argonne. and for whom a radiation expo¬ 
sure record from prior to 1969 was available (some ad¬ 
ditional records were later Ideated); were invited to our 
mobile body counter for measurement. Approximately 
65% of the invited subjeas were measuredl 

Of 232 individuals measured; 52 have been excluded 
from these analyses. 11 were controls or family mem¬ 
bers, 1 was incompletely measured. 17 were measured 
after the heating season (after 1 April 1964), and 23 still 
worked in buildings with radium/radon contamination. 

After exclusions, there were 180 subjects for analysis. 4 
were co-residents of homes with other subjeas. 

A questionnaire was administered regarding aaivities 
of the day. time since leaving home, current smoking 
habits, and occupation. Height and< weight were meas¬ 
ured (with shoes and jackets off). Nearly all: measure¬ 
ments were performed during afternoon or evening 
hours. 

House radon measurements. Alpha-track deteaors 
manufaaured and read by the Terradex Company 
were distributed to subjeas when they visited the mo¬ 
bile body counter. A questionnaire concerning house 
charaaeristics was administered during the count, and 
subjeas were instruaed on placement of deteaors 
(away from floor and outside walls, away from direa 
drafts). Generally, three deteaors were distributed; 
one each for the basement, the main:bedroom, and for 
the room on the first floor where most family aaivity 
occurred. Aaual room locations were coded, but have 
been analyzed as basement, first floor, and mam 
bedroom measurements. Track-etch deteaors were 
placed for an average of 10 months.(range; 1.9 to 15.1 
mo: only two measurements were for less than 6 mol. 

Due to supply difficulties, deteaors were aaually sent 
with only 155 of the 180 subjeas reported on here. Of 
these 155 subjects, 124 returned the deteaors. For 
these 124, 112 results from main floors were available. 

In this paper we related body counts to main floor liv¬ 
ing area measures because most body counts were in 
afternoon and evening hours. Conclusions based on 
basement or bedroom measurements do not: differ sig¬ 
nificantly. 

Body counting. Subjects lay on their hacks in <a lead- 
shielded bed movable under a fixed 8*-diameter Nal 
crystal approximately 39 cm above the dorsal (back) 
surface of the subjeas. Five-minute counts were made 
at mid-body (50%), and at 35%, 20%. 5%, 65%, 80%, 
and 95% of body height, in that sequence (mid-body to 
feet to mid-body to head), Late in the study period the O 
sequence was modified to begin at position 65%. re- 
peating that position in the original sequence. Forty- CO 
two subjeas were measured in this way; statistical anal- CO 
yses indicate that this change did not bias results pre- QQ 
sented here. As time was required to adjust the bed and (TJ 
reinitialize the instruments, approximately 49 min. or 7 ^ j 

min per position, were required to complete the pro- (j) 
cedure. The 1.76 MeV gamma 1 ray from, the decay of Q 
”*Bi in and on the body was counted' to measure ra- 
dium Background measurements, without a subjea in 


150 


Aichivti of tnvwonmmtel Health 


Source: https://www.industrydocuments.ucsf.edu/docs/hnnxOOOO 



the bed. were taken at least twice a day: the back- 
groundfor an individual was computed as the mean of 
the preceding and following background counts. De¬ 
tails of procedures for radium measurement at Argonme 
have been published.’ 0 

The index of body contamination by radon daughters 
analyzed for these preliminary analyses was the sum of 
the counts at each of the seven positions minus back¬ 
ground. yielding a total counts per minute (CPM). Prin¬ 
cipal 1 components analyses (unpublished) suggested 
that'approximately equal weightings of the seven posi¬ 
tions is not inappropriate. A mean internal radium 
calibration factor for the seven position scan is 0.87 ± 
0.11 nCi * M Bi per CPM above background. 

Two potential confounders were time since leaving 
home, which relates to decay of radon daughters and 
radon excretion, and body size, which relates to count¬ 
ing geometry. Decay of unsupported radon daughters 
in the thorax and of daughters supported by radon in 
the body, after leaving a house with high radon levels, 
was described by Rundo et al.” The content of ,,4 Bi 
(RaC) in a mixture consisting initially of equal activities 
of RaA. RaB, and RaC is reduced to half in about 1 hr, 
and is considerably longer than the longest single half- 
life—268 min—for RaB' The biological excretion of ra¬ 
don is described by a multicompartment exponential 
model. 

We experimented with adjustment of observed counts 
to time zero by backwards extrapolation, utilizing 
either the decay curve of RaB or an empirical decay 
curve estimated from higher burden subjects with dou¬ 
ble measurements 30 min apart at position 3 (65% of 
height). Such adjustments do not qualitatively change 
the results presented below, but considerable variance 
is introduced into the data. Many measurements at 
longer travel times are near zero: back extrapolation 
magnifies random error. 

Tihe approach chosen was to introduce travel time (T) 
and its square as independent variables into the predic¬ 
tion: equation for CPM. This approach yields similar 
results in all models, but it has theoretical appeal only 
when the logarithmic transformation of CPM is used as 
the model 

In CPM - b* ♦ b,T «• b,T*. . . 
in antilog form is 

CPM - e** x e* ,T x e* ,r '.... 
where b, and/or b, may be negative. 

Median travel times to initiation of the body count 
were 37 min; the 25th percentile was 24 min, the 73th. 
76 min. As 7 min was the average time required for 
counting one position plus adjusting the bed position 
and reinitializing the instruments, we have added 21! 
min to the start to yield an approximate mid-time of 38 
min tomi leaving home: Results presented below are 
adjusted to T - 1 hr to avoid extrapolating beyond the 
''-erved data> In this time range, similar results are ob- 
•ed from adjustments using empirical decays and 
ihods that use time as an independent variable. 
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Body thickness modifies counting efficiency Utiliz¬ 
ing a formula for effective body thickness 

d' (cm) - 22.5 x (W/H)M 

(weight [W] in kg, height |H] in cm) derived: from 
Studies in an arc position, 10 little effective variation in 
body thickness was found. Mean d’ was 15i2 cm. the 
25% and 75% quantiles, 14.0 and 16.2: the 5% and 
95% quantiles, 12.6 and 17.4. The range of mean d’ 
among smoking categories was 14.9 to ■ 15.4; between 
the sexes it was 15.1 '■ to 15.5. In these analyses weight 
was used to correct for body size. 

Statistical methods. Data were analyzed using SAS’ 1 
multivariate procedures. The general model was 

CPM ■ b, ♦ b|T ♦ b*P ♦ b»Rn ♦ b*Rn 
x sex b*Rn x smoking + ..., 

. where CPM is the sum of counts per minute for body 
positions 1-7, T is time from leaving, home to mid¬ 
count, Rn is the first floor household radon level over 
the 6 to 12 mo immediately following, and sex and: 
smoking are dummy variables taking the value 0 or 1 
and entered only as interaction terms with radon. Sex 
and smoking terms are neither meaningful nor statisti¬ 
cally significant in themselves. Additional variables in¬ 
vestigated include passive smoking, height, weight, 
weight to height ratio, and measurement sequence. In 
nearly all instances regressions were run utilizing un¬ 
transformed counts (which include some negative val¬ 
ues due to background subtraction), the logarithmic 
transformation of counts (In CPM if CPM > 1: 0 other¬ 
wise); and square root transformations of the absolute 
value of the counts, with the sign replaced. For the log¬ 
arithmic equation house radon: levels were defined as 
lb (Rn •«- 1). but terms in T were not transformed. Qual¬ 
itatively. all models yielded! similar results, as do 
models with 1-3 outliers as defined by Cook's D° 
deleted 

Results 

The highly skewed frequency distributions of radbn 
levels in homes of study subteas are shown in Table 1. 
Measurements above 4 pCi/l (the recommended max¬ 
imum for permanent habitation)'are frequent: As ex- 
pected. basement levels are higher than main floor 
levels, but no difference is seen between main floor 
and main bedroom levels. 

Table 2 shows the frequency distribution: of radon 
daughter count rates from the subjeas. While these 
counts were not performed under a completely stan¬ 
dardized protocoliwith respect to time and'previous ac¬ 
tivities. it is still worth noting that on a population basis 
approximately 79% of the subjeas are above back¬ 
ground (100% minus twice the percentage bekm 
zero) assuming a symmetrical d ist r i bu tion of counting 
errors. The fraaion of subjeas above 13 3 CPM i- 2 
standard deviations of the counting error) is 59%. 

Table 3 shows the distribution of study subjeas by 
sex and smoking category: females and nonsmokers 
predominate. 
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Tabit 2.—Radon Daughter Contamination of Pennsylvania 
Residents* 


Count* per Percentage of retwfom* 


minute iCPmh 

In category 

Cumulative 

-17-0 
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2.2 

100 

•N • 160 . 

tTwo standard deviations of the background counting rate it 

13.5 Counts are minus background- 


Table Number* of Subject* by Set and Smoking 
Category with Available Main Floor Radon Meawrament* 



Mala 

female 

TOU) 

Nommokers 

30 

56 

66 

Smokers 

10 

16 

26 

Tout- 

40 

72 

112 


Table 4 shows the statistical significance of the three 
variables of interest: household radon, sex, and tobacco 
smoking: As expected, household (main floor) radon is 
very highly significant and is the primary determinant 
of body contamination levels. In the arithmetic models, 
variables are more highly significant, especially with 
the three largest outliers excluded (r* - .65). 

Figure 1 shows graphically the wide spread of the 
data but also the dear negative association between 


gable 4._ Iqmwxn ofiadon Daughter* in/on 

Pvnmrtvim* N Mt ntt 


Regr***«on mod*l» »nd term* r p 


but model’ <41 - .371 


In Rn fpG'U 

639 

0001 

Se» x In Rn 

2 37 

020 

Smoker x In Rn 

-2 66 

005 

Extended model *t (R* • 36i 

In Rn fpCi/Li 

Sex (Fi x In Rn 

235 

0.12. 

Smoker x In Rn 

-271 

006 


•In CPM: • quadratic adiuttmem tor travel time ■* alto in¬ 
cluded 


•Model alio includes a dummy position variable <p • 99) 
and a term weight x In Rn The latter vanabtr <* to con¬ 
founded with In An that neither are ugmhcani when Type II 
turn* o< square* are used. 


current smoking and the presence of high radon 
daughter contamination levels. 

Table 4 and Figure 1 relate body radon daughter con¬ 
tamination to radon levels in the main floor living area, 
because nearly all measurements were made in after¬ 
noon and evening hours. However, the multiple cor¬ 
relation using the logarithmic models was slightly 
higher if bedroom measurements were used'lR* - .43 
vs. ft 1 - .37), while the correlation was essentially iden¬ 
tical if basement levels were used (R‘ - .36). This pat¬ 
tern holds also for the other models and when outliers 
are deleted. 

Table 5 shows estimates of radon daughter con¬ 
tamination on subjects from both the arithmetic model 
(three outliers deleted! and the logarithmic model. 
Results are similar in the lower radon exposure ranges 
but diverge at higher radon levels, not unexpectedly as 
the logarithmic transformation reduces the weight of 
very high measurements. Without deletion of outliers, 
arithmetic estimates are yet higher, especially for the 10 
male smokers. 

Table 6 shows the ratios of the logarithmic estimates 
in Table 5. There appears to be a 2-3 x excess of con¬ 
tamination in females at levels above 4 pCi/l. and ai 
2-4 x excess among nonsmokers relative to smokers. 
The contamination of female nonsmokers relative to 
male smokers could be very high, up to sixteen-fold, 
according to the model. 

The role of body size, which should be related to 
amount of contamination (and counting efficiency), 
was also investigated. Height (H), weight (W),. and 
relative weight (W/H, W/H 1 ) were investigated. These 
variables are also related to both sex and cigarette 
smoking. In general, weight appears to be the most 
useful single variable, but statistical significance is 
variable because of the very high degree of confound¬ 
ing (of weight x Rn with Rn alone). Weight has been 
retained in the extended models, and estimates (Table 
5) are presented for males and females of mean weight 
(166.5 lb): 
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Fig 1. Body radon daughter contamination vs. radon levefe on first 
floor fixing area. 


Discussion! 

The current study was adventitious, having been de¬ 
signed to study potentiall occupationally acquired body 
burdens of radium. Nevertheless it has some important 
implications. Most importantly, it demonstrates that 
body contamination with radon daughters is well pre¬ 
dicted by radbn levels measured on the first floor of the 
home over the 6-12 mo period following, Whild one 
would expect such a relationship, this direct demon¬ 
stration is gratifying. The strength of the relationship is 
impressive given that the body contamination measure¬ 
ments were made at one point in time during the heat¬ 
ing season. A series of such measurements would pre¬ 
sumably yield a much higher correlation. 

The equally high correlation of basement radon lev¬ 
els to personal! contamination, relative to main floor 
levels, is of considerable relevance to epidemiological 
studies. When only short-term measurements can be 
taken, the basement is currently the measurement site 
of choice because radbn levels are less variable in a 
dosed basement than are first floor radon levelSi That it 
will average higher than first floor levels is a drawback, 
but first floor exposures can be estimated statistically. 

The finding that bedroom radon levels correlate 


Table t—talk* of Bade* Daughter* in/on 
Pennsylvania Residents at t-Mr from Home: Extended 
logarithmic Model 


Nonsmoker/ 


hr* floor J^oktr 


radon IpCi/t) 
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25 

26 
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more highly with individual contamination even in 
afternoon and evening hours than do main floor living 
area measurements was unexpected. H does suggest 
that if a single long-term measurement is to be madt. 
the bedroom may be the best choice of location. 

In addition, the findings suggest that cigarette smok¬ 
ing is associated with lower levels of total body contam¬ 
ination. This does not directly support the relationship 
assumed in the current literature^ that passive smok¬ 
ing increases lung dose by increasing the equilibrium 
ratio: The latter may occur, but there may be stronger 
countervailing factors, such as reduction of superficial 
plateout. Thoracic burdbns need to be studied more 
directly. 

Females are found to have higher body contamina¬ 
tion levels than males at the same household levels: this 
may imply higher risks for females relative to males for 
domestic exposure: There is no necessary implication 
of intrinsic sex differences:: that, for example, female 
miners would differ from male miners. Only hetero¬ 
geneity of individual! risk by sex, for a given household 
level of radon, is implied. 

Although we consider this measurement of body 
contamination as an index of exposure levels in the 
breathing zone, the actual ,,# Bi in/on an individual re¬ 
flects four variables. These are, in probable order of 
magnitude: (a.) unsupported radon daughters contam¬ 
inating clothes, hair, and skin: (b.) unsupported radon 
daughters inhaled and deposited! in the upper and 
lower respiratory tract; (c.) supported radon daughters 


Table 5.—tadon Daughter* (CPM) in/on Pennsykanii Residents at 1-Mr from Home: Extended 
Arkhmetkrt end Logarithmic Models 
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from radon in tbe bodV, especially in fatty tissue 11 ; and 
(d.) unsupported radon daughters translocated from 
the respiratory tract . 11 Quantitative estimation of the 
relative importance of these four components or of 
their relationships to carcinogenesis is beyond the 
scope of this paper A manuscript dealing with the 
more physiological aspects of this measurement tech¬ 
nology is in preparation. 

The problem of external contamination, external in 
the sense that it is on the outside of the subject, cannot 
be ignored. Ih this sense, the subject's breathing 2 one 
is also external, and the subject's hair, clothes, and skin 
can be thought of as a collector of radon daughters in 
that immediate environment. N seems unlikely that, 
over a very wide range of exposures, persons, and 
homes, internal and external burdens would not corre¬ 
late highly And that is the question: do they correlate 
highly? Their relative magnitudes are in this context of 
much less importance. 

Preliminary experimental results on five male sub¬ 
jects in our laboratory suggest a high correlation of in¬ 
ternal ('"nonremovable") and external ("removable") 
radon daughter contamination: over a narrow two-fold 
range of observed! counts (a narrow range will reduce 
the correlation), the correlation coefficient between 
"removable" and "nonremovable" daughters is .90 (p 
< .05). 

The general implications of the findings reported 
here do not necessarily relate only to physical- 
environmental factors, but also to physical^personal 
factors and to biological or social variables. 

Physical characteristics of persons might relate to 
deposition rates on body surfaces or clothing. Women 
may wear more synthetic fabrics, which generate a 
high static charge enhancing deposition. Conversely, 
cigarette smoke might neutralize or reverse charge 
characteristics of body surfaces^ or otherwise modify 
deposition characteristics. Electrical characteristics of 
upper respiratory surfaces may partially determine the 
sites of deposition of very small electrically charged air 
ions, including radon daughters. 14 

Roles of biological characteristics (Other than surface 
area and respiratory minute volume) are more obscure. 
As noted above, sex differences in effective body thick¬ 
ness were minimal (3%)i Pulmonary diffusion capacity 
for radon would be expected to be impaired in smok¬ 
ers, but such an effect might be so minor as not to be 
measurable. Body fat content is lower in both smokers 
and malts, and this would lower the body pool of 
radon. 

Social and psychological factors are likely, we be¬ 
lieve, to predominate. Women are more likely than 
men to be at home all day. Even with respect to ciga¬ 
rette smoking, it might be hypothesized that the 
smoker is more likely to be active, shopping, visiting, 
etc. Such factors relating to personal time utilization 
are likely both to be very important and to relate directly 
to lung cancer risk from radon daughters. 

In current risk assessment for radon, rt is generally 
assumed that the exposure term from surveys of 
houses, dose estimates from current models, and dose- 
response estimates from published studies of miners 


are all that are required to perform a useful health risk 
assessment relating to radbn for the general popula¬ 
tion. This may prove to be an oversimplification 
Analyses of these existing data are being continued in 
several directions: the use of detailed positional infor¬ 
mation on contamination, the possible use of the full 
spectrum to maximize available information, and anal¬ 
yses of data on activities of subjects earlier on the day 
of measurement. 
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Environmental tobacco smoke (ETS) can affect the radiation 
dosimetry of indoor radon by modifyingi the behaviour of its decay 
products. Firstly, ETS significantly enhances the concentration of 
airborne particles, thereby reducing the unattached fraction. 
However, the lower nobility of ETS particles leads to an increase 
in airborne radioactivity by a factor of 2.5. Calculations 
presented here suggest that this is likely to give a protective 
effect, although an increased dose can result, depending upon how 
low the unattached fraction is in the absence of ETS. Clearly, this 
nerits further study. Secondly, natural radioactivity in tobacco 
aeans that ETS enhances the airborne concentrations of the long- 
lived decay products 210Pb and 210Po by a factor of up to 2.4 for 
the latter nuclide. However, this does not significantly increase 
the overall dose due to radon. Finally, it has been suggested that 
the act of smoking can enhance the deposition of the attached 
fraction in the bronchial region; this hypothesis has been 
discounted. 

INTRODUCTION 

Radon is the single most important source of irradiation of the 
general population (1). Most of this dose derives from the depo¬ 
sition in the respiratory tract of the short-lived decay products 
of radon (218Po 214Pb, 214B1 and 214Po), two of which are alpha- 
emitters (2). When radon decays, the products are present as free 
ions, typically 3 nm in size (3). These have a high mobility, due 
to Brownian diffusion, with the result that they deposit to a 
surface* be it the fabric of a room, an ambient airborne particle 
or the surface of the respiratory tract. The airborne fraction 
present on ambient particles, which have an average size of about 
130 nm (3):, is termed attached*, the remainder being 'unattached 1 . 
The unattached fraction deposits more efficiently in the 
respiratory tract than the attached; the site of deposition is also 
shifted from the pulmonary (attached) to bronchial (unattached) 
regions of the lung (4). The International Commission on 
Radiological Protection (ICRP) have recently calculated that the 
dose to the respiratory tract is dominated by that to the bronchial 
region, with that due to the unattached fraction beingi at least an 
order of magnitude greater than that due to the attached (4) 
Environmental tobacco smoke (ETS) can affect dosimetric calcular 
tions of indoor radon decay products in a number of ways. Firstly, 
cigarette smoking significantly enhances the concentration of 








airborne particles* This will have the effect of reducingi the ; 

unattached fraction, thereby reducing the resulting radiological j 

dose. However, the nobility of such particles is much less than for I 

the unattached fraction, with the result that more of the decay 
products reaain airborne for longer periods. Thus, the presence of 
ETS nay either reduce or enhance the dose, depending on the 
prevailing conditions in the absence of ETS. Secondly, it is well 
documented that tobacco contains the two long-lived radon decay 
products, 210Pb and 210Po, the latter being an alpha-emitter (5). 

Both are relatively volatile netalsi, and so nay significantly 
increase the ambient levels of these nuclides during tobacco i 

combustion. Lastly, it is known that the deposition of tobacco tar I 

during the act of snoking does not follow predictions based on j 

particle size (6). Should this also apply to ETS, or if a j 

substantial fraction of decay products be inhaled during the act [ 

of smoking, a revision in dosimetric estimates is required (7)1. |' 

This paper considers each effect in turn. 

imCTB or ITS OK WORT—UTRD DECAY PRODUCTS \ 

I 

ETS significantly increases. the number of airborne particles j 

present in indoor atmospheres. Por example, a cigarette contributes j 

about 10 mg of particles of median size 200 nm in ETS (6); assum¬ 
ing such particles are unit density spheres, the concentration in j 

an unventilated 14 m3 room would be 9.10* em-3, well above normal i 

ambient ltvels. Clearly, such an increase in particle concentration 
will reduce the unattached fraction. Normally, 7-15 * of the decay 
products are unattached^ but this drops to less than 5 % in the 
presence of a source of airborne particles such as ETS (9) . 

However, such attachment means that the decay products will remain 
airborne longer, since the mobility of the particles due to 
Brownian diffusion will be much less than that of the free ions. 

This, in turn, will lead to an increase in the levels of total 
airborne radioactivity; under experimental conditions, it has been 
demonstrated that the smoking of cigarettes leads to an increase 
in the concentration of decay products by a factor of 2.5 (10)• 

The current ICRF lung model (11) does not apply to radionuclides 
with short half-lives, resulting in the critical dose to the 
bronchial region being underestimated (4). This situation is 
-being rectified (4); following unit exposure, calculated doses to 
the bronchial region are 150 nGy for 3 nm particles (unattached), 

11 nGy for 130 nm particles (ambient attached) and 7 nGy for 200 
nm particles (ETS). [Unit exposure is defined as 1 Bq h m-3 EER; 

EER is the equilibrium equivalent concentration of radon, i.e. the 
activity concentration of radon in equilibrium with its decay 
products which has the same potential alpha-particle energy as the 
actual non-equilibrium mixture of decay products.] Thus, for an 
ambient atmosphere of 130 nm particles with an unattached particle 
size of 3 nm, and fraction (F), the dose per unit exposure ( in nGy 
per Bq h m-3) is:- 

D - 150F + ll(l-F) 


- 139F + 11 (I) 


34 
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In the presence of ETS particles of 200 nm, this equation becomes 


O' - 14 3F 4* 7 (2) 

Thus, the presence of ETS reduces the overall dose for a given 
exposure and degree of attachment. Against this, it should be noted 
that the presence of cigarette smokt enhances the airborne 
concentration by a factor of 2.5, with the result that exposures 
will be 2.5 times greater (10), thereby increasing the dose for a 
given degree of attachment. However, the degree of attachment is 
a strong function of the airborne particle concentration (12). 

It has been found from a study of Carman homes, that the particle 
concentration could increase 100-fold during the act of cigarette 
smoking, remaining elevated for up to 5 hours afterwards (9). 
Correlating with this, the average unattached fraction dropped from 
an average of 0.12 to CK02 (19), whilst the average radon 
concentrations increased from 160 Bq m-3 ZER to 295 Bq m-3 EER. 
Thus;, from equation (1), one hour's exposure would lead to a dose 
of 4.4 pGy prior to smoking, but only 2.9 >aGy after smoking 
(equation (2) ), a drop of 34 %. Making the simplified assumptions 
that smoking always reduces the unattached fraction to 1/6 of its 
previous value (9), but that the overall concentration of 
radioactivity rises by a factor of 2.5 (10), then the presence of 
cigarette smoke will lead to a dose reduction, when the original 
unattached fraction is greater than a value, F, found by solving 
the equation:- 

139F + 11 - (143F/6 ♦ 7) X 2.5 (3) 

i.e. for values of the unattached fraction prior to smoking of 
greater than 8.2 %. This value is well below the average 18 % 
observed in UK dwellings (3), and below the average 10 % in German 
houses without obvious aerosol sources such as smoking or cooking 
(»>• 

In view of these calculations, it is perhaps surprising that there 
have not been sore investigations of the effects of the indoor 
aerosol on the attached fraction and, hence, dose. Some limited 
evidence to support these calculations comes from a comparative 
study of the levels of 214Bi in smokers and nonsmokers, determined 
using whole-body monitoring (13). Mon-smokers were found to have 
2-4 times the levels of smokers. Unfortunately, the data were not 
described in terms of whether the nonsmokers lived with another 
non-smoker, or a smoker. However, given that smokers must live in 
an atmosphere where ETS is present, these data would suggest that 
the dose from the shortlived decay products is indeed lover. 

EFFECTS OF ETS ON LONG-LIVED DECAY PRODUCTS 

Tobacco, as any other plant, has a tendency to incorporate radio¬ 
nuclides in the environment. Two nuclides of particular dosimetric 
significance are 210Pb and 210Po (14). Both are relatively volatile 






metals, with the result that a significant proportion of the 
cigarette content may becone airborne during combustion, thereby 
raising the concentration of these nuclides. Certainly, 
it is well documented (e.g. 15) that cigarette smokers have higher 
burdens of these nuclides as a result of their intake through 
smoking. 

On average, cigarette tobacco contains 17 *Bq g-1 of 210Por this 
is supported by an equal activity of the parent nuclide (5). 
Estimates suggest that between 24 and 45 % of the cigarette 210Po 
is transferred to ETS (16,17,18); 210Pb has about half the vola¬ 
tility of 2lOPo (19,20). Assuming that a cigarette contains 0.8 g 
of tobacco, there will be approximately 4.8 mBq Of 210Po and 2.4 
mBq of 210Pb generated in ETS. Thus, if 20 cigarettes are smoked 
over the course of 16 hours in a 14 m3 room, being ventilated at 
3 air changes per hour, then average levels generated of 210PO and 
210Pb will be 0;14 and 0;07 mBq m-3 respectively. 

To put these values into context, the average 210Pb concentration 
in air is estimated to be 0.5 mBq m-3 (21). As the ratio of *10po 
to 210Pb is about 0.2 (1), the concentration Of 210Po is 0.1 mBq 
m-3. Thus, the addition of ETS will only increase the levels of 
210Pb by 14 %, but those Of 210Po by 140 %, to 0.24 mBq m-3. Since 
the latter nuclide is an alpha-emitter, it dominates the dose 
arising from inhalation of these two nuclides, contributing 86 % 
of the total (1). Using the current ICRP model (11), and assuming 
0.2 pm ETS particles with pulmonary clearance half-times of half 
with 0.2 d and half with 0.01 d (Class W), the committed effective 
dose equivalent for 210Po is 3.8 pSv Bq-1. Further assuming a 
breathing pattern of 0.75 m3 hr-1, then the total intake per year 
is 1.6 Bq, i.a. a dose of 6 juSv per year. Under the proposed new 
model, the clearance rates are slightly faster (22) and the 
deposition a factor of 3 lower (4), so the calculated dose will be 
much smaller. Since the total dose due to the inhalation of radon 
and decay products is about 1000juSv per year (l)i, it can be seen 
that the contribution from natural radioactivity in ETS is 
insignificant. 

THE DEPOSITION OF TOBACCO SMOKE 

The above calculations assume that the current and proposed 
deposition models apply to tobacco smoke. Many factors are known 
to influence deposition other than size and breathing pattern. 
Including physique, disease and particle solubility (23)• In 
particular, the deposition of tar from cigarette smoke during the 
act of smoking is much greater, and more central within the lung, 
than would have been predicted from its particle size; in fact, it 
deposits like a particle some 10 times larger (6) • However, the 
limited data on the deposition of ETS would suggest that the 
processes of aging and dilution change the nature of the smoke, 
resulting in a deposition pattern like any other non-hygroscopic 
200 nm particle (24). 

Finally, it has been suggested that the particles of ambient air, 
whether ETS or not, could be drawn through a cigarette during the 
act of puffing. This could modify their deposition pattern as 
outlined above, thereby contributing to •hot* spots of activity in 
the lung (7). However, this hypothesis has been discounted, since 
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ABSTRACT 


Risk assessment of exposure to indoor air pollutants should be a 
consideration not simply of airborne concentration, but of individual or 
population dose. Dose, the uptake and retention of the substance, may be 
affected by the physical and chemical form of the pollutant, its local 
environment, and physiological factors, facilities for controlled exposures to 
quantify these effects in animals and humans will be described with particular 
reference to the dosimetry of radon gas and its progeny, and environmental 
tobacco smoke:. The use of radioactive and stable Isotope tracers in such 
studies will also be discussed. 


INTRODUCTION 

Many factors may affect the human uptake and retention of specific indoor 
air pollutants, both at work and in the home. These include the physical form 
of the pollutant, that is, whether it is in the gaseous, vapour or particulate 
phase, and the shape, size and solubility of particles. Similarly, for 
particle deposition, the environment in which exposure occurs is important with 
respect to factors such as temperature, humidity and ventilation. Finally, 
physiological factors such as physique, disease and inter-subject variability 
may affect regional particle deposition and hence, dosimetry. Therefore it is 
important that controlled volunteer and animal exposures be carriedi out to 
determine the relative importance of these factors in population exposure to 
specific pollutants. Volunteer exposures may be used to determine deposition, 
uptake, metabolism and excretion of pollutants with animal exposures yielding 
additional information relating dose and metabolism to biological effects. It 
Is only by considering all these factors that valid models of risk estimate may 
be obtained. 


FACTORS AFFECTING DOSIMETRY 


Gas and vap our deposition 

The uptake and retention of vapours and gases is fairly well understood 
and is dependent primarily on the chemical nature of the gas or vapour and its 
Interaction with the surface of the respiratory tract. In each case there is 
rapid mixing within the airways and fast diffusion to the lung surface. For 
vapours, high levels of deposition are likely to be seen for soluble compounds: 
and these which chemically 'fix' to the lung surface. The prlnclplesjifiyfrnlng 
these processes have been reviewed by Davies (1). However, it should be noted! 
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that lipophilic vapours aay also be taken up through the skin and nay nake a 
significant contribution to the absorbed dose. 

Part trie deposition 

It is important to consider the nechanisns of particle deposition: and 
clearance in the respiratory tract such that changes In total and regional 1 
deposition through external factors Bight be predicted and taken into account 
when risk assessnents are carried out. The aost iaportant aechanisns are:- 

a) Iapaction, due to the Inertia of the' particles when the air undergoes a 
change of direction, such as in the.pharynx or at a bifurcation. This is 
Iaportant for the deposition‘.of larger particles in the upper airways 
where fast aucocillary clearance occurs. 

b) Sedinentation, due to the action of gravity. 

c) Brownian notion, due to the boabardnent of the particles by air 
Bolecules. This is aost iaportant for the deposition of saaller particles 
in the aiveolar region. This region has a high surface area allowing 
rapid' dissolution and uptake of soluble particles. For Insoluble 
particles aacrophage clearance predoainates. The rate of clearance of 
lipid soluble compounds tends to be related to their aol'ecular weight, 
with more rapid clearance at aass less than 300 Da (2). 

The deposition of particles is sore affected by external factors than gas 
or vapour deposition. Data linking particle size to regional deposition in the 
lung has been published' by the International Conaittee on Radiological 
Protection (3) for the naso-pharyngeal region (HP), the tracheo-bronchial 
region (TB) and the alveolar or pulnonary region (P) of the airways. However, 
to data, aost of the available deposition data coaes froa a relatively saail 
nunber of healthy sale Caucasian subjects who have inhaled spherical insoluble 
particles. When assessing risk froa airborne pollutants It Is possible that 
none of these conditions aay apply. 

Particulate and environmental factors 

As stated already, particle size is an iaportant deterainant of regional 
deposition but shape and solubility of the Inhaled particle also have an 
iaportant role. For exanple, fibrous aaterials such as asbestos are known to 
be injurious to the lung. When airborne,' the aspect ratio of the fibres 
(length/diaaeter) aay reach 1000, very different froni the spheres coaaonly 
studied. However, the fibres tend to align with the airflow so that the 
aerodynamic dlaaeter is not greatly dependent on length. Thus fibres up to 
360 fin in length have been found to penetrate to the human alveoli (4). With 
fibres of this length it Is Impossible for normal alveolar clearance to operate 
and the defence mechanism is to fora proteinaceous bodies around the fibres: in 
an effort to render then harmless. 


On entering the high huaidity of the respiratory tract, water vapour will 
condense on a particle. If soluble, the particle hydrates, eventually foraing 
a solution. Since the vapour pressure of a solution Is less than that of the 
pure solvent, the particle aay swell to a droplet several' tlaes Its Initial 
size, known as hygroscopic growth. In the case of sodiua chloride, growth of a 
factor of six Is observed, which llaplles a narked shift in the deposition 
pattern of sub-aicron particles (5). In practical terns, this is of 

considerable Importance. The aajority of the aablent aerosol is hygroscopic 
(6) due to acid pollutants together with sodiua chloride in aarine q 
environments. Thus, potential environmental hazards, such as radon, aay becoae 
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attached to the ambient aerosol either by condensation or coagulation and 
deposit as a hygroscopic material. ' 

Physiological factors 

The shape and size of an Individual's airways will' have an effect on the 
efficiency of deposition. Alveolar dimensions are unlikely to vary 
significantly, as alveolar diameter has been shown only to vary with body 
weight to the power 0.2 (7). However, bronchial dimensions are more strongly 
dependent on physique; on average, the female trachea is 1.3 times smaller than' 
the male (8). Since the flow of air and hence the momentum of any particle is 
inversely proportional to the square of the airway diameter, deposition by 
impaction in the upper airways shows clear differences between men and! women: 
because impaction efficiency Increases at a given flow (9). 

In addition, lung disease may lead to regions which' are poorly ventilated, 
possibly accompanied by airway obstruction. This will lead to changes In 
airflow patterns and hence deposition. Similarly, mucus hypersecretion may 
affect airway diameter and the rate of removal of deposited particles, thus 
altering dose. 

These factors combined give rise to substantial Inter-subject variability 
of deposition in different regions within the respiratory tract. For example, 
in a series of four experiments described by Hicks et al (10) the proportion of 
the lung deposit in the TB region showed consistent differences between five 
subjects ranging from 40-80V. Thus ranges of deposition' ought to be considered 
in each case rather than single line deposition versus size models. - 

Eobiilation dosimetry 

As noted above, many factors may contribute to a range of dose estimates 
through uptake and retention. However, for population risk estimates further 
factors may have to be taken into account, particularly with respect to 
differences in metabolism and excretion, and ultimately, biological effect. 
Thus, certain groups of the population may be more susceptible to particular 
pollutants through differences in biochemistry, Induced either through 
environmental factors such as nutritional status, or genetically, by 
inheritance. 

EXPOSURE FACILITIES 


Animal exposure facilities 

Animal exposures may be divided into those where the whole body is exposed! 
and the animals are generally unrestrained^ or nose-only systems where: 
restraining tubes may be used for rodents or mask systems for higher mammals, 
although both types of system have disadvantages. In restraining: systems the 
animal may be under some degree of stress, thus affecting its breathing pattern: 
and hence deposition. However, in whole body exposure systems, although animal 
behaviour may be more natural, It may become difficult to apportion the dose 
between that Inhaled and that which is subsequently Ingested from: cleaning of 
the skin. At the Harwell Laboratory, both types of facility exist and have 
been used for studies of radio-nuclide and cigarette smoke dosimetry (11,12). 
More recently, a new pair of 3.4 m’ whole body exposure chambers have been 
built to allow studies of radon dosimetry from both short and long tern 
exposures. An associated air handling plant has also been developed to allow 
continuous exposures for periods up to 3 months. In addition, this system will 
allow the Investigation of potential synergy effects between radon and various 
vector aerosols. Of these, environmental tobacco smoke, and formaldehyde from 
cavity wall Insulation are of significance for Indoor air. - 
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Figure I. Exposure systea for sidestree* smoke atmospheres 
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Wn-isr exposure farjlit’oc 

As for anicals, volunteer exposures ray be carried out in different ways, 
including whole body exposure, mouth-only or oro-nasal breathing. At i^.e 
Harwelll Laboratory, a series of facilities have been built for nouth-only arc 
whole body exposures, particularly with respect to cigarette saokir.g and 
exposure to envircnaentaU tobacco saoke;. The whoie body system. a 14 a’ 
cnaacer with associated air handling facilities has teen describee in greater 
detair elsewhere (13). and has also been used to investigate the physical 
benaviour of sidestream cigarette snoxe as it ages and is diluted (14). A 
schematic of this chamber is shown in Figure 1. The mouth-only exposure 
apparatus is shown; in Figure 2. as configured! for studies of the effect of 
hygroscopic particle growth on total and regional deposition under controlled 
breathing patterns (15). This allows the effect of initial particle: size, flow 
rate, volume and breath holding on deposition to be quantified. 

TRACER COMPOUNDS 


Tracer compounds can be of great use in controlled exposures when 
assessing risk, either as analogues of behaviour, or to distinguish the 
administration of an experimental dose from continuing environmental exposure. 
Example of radiotracers which have, been used in work carried out by this 
laboratory include the use of i23 I-l-iodohexadecane as a marker for the 
particulate phase of both mainstream and sidestream cigarette smoke after 
extensive characterisation work (16). The use of this compound 1 has given 
information on the physical behaviour of the smoke, its equilibrium between 
vapour and particulate phases, and its deposition and clearance in both animal 
(12) andi volunteer studies (17). Other work has been: carried out using 3®Cl 
labelled chlorofluorocarbons, which followed the fate of a series of compounds 
following inhalation in volunteers, and found their retention in the body to be 
related to the in vitro blood-air partition coefficient, thus allowingi 
estimates for retention to be made for related compounds, where labelling: was 
impractical (18). This stresses the importance of experimental work of this 
type, allowing input into risk models. 

More recently, new powerful analytical techniques such as nuclear magnetic 
resonance (NMR). magnetic resonance imaging (MRI) and inductively coupled 
plasma - mass spectrometry (ICP-MS) have opened up the potential for stable 
isotope tracer studies without radioactivity, allowing wider population studies 
in vulnerable groups. For example, studies of the source apportionment of lead 
intake by inhalation from petrol additives versus other sources of lead, such 
as diet, as reviewed by Chamberlain (19) is typical of the potential of these 
techniques. This suggested airborne lead to be responsible for approximately 
10% of lead uptake. 


APPLICATIONS 


Environmental tobacco smoke dosimetry 

The uptake and retention of environmental tobacco smoke (ETS) relative to 
the retention of active smokers serves as a useful example. Two factors are of 
particular Importance: the aerodynamic particle size of the saoke aerosol as 
seen by the lung, and the status of the vapour-particle equiliblrlua of the 
aged 1 ETS. In effect, directly inhaled tobacco smoke is subject to growth by 
coagulation and hygroscopiclty from the original aerosol of 0.8 pm AMAD. In 
contrast, sidestream smoke has aged and been diluted prior to inhalation and Is 
typically insoluble and of 0.2 jtm AMAD. In addition, up to 70' per cent of the 
initial mass of the sidestream particulate has evaporated (14) such that the 
principles governing vapour deposition will become of greatei'Ttgnlficance. 
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Thus, if calculations cf tracheo-broncnial particulate deposition are carriec 
out, a relative risk ratio of 0.00017 between active and passive smokers Is 
found (17) which is significantly lower than the dose estimates expected from 
reported epidemiological data if a ccaparable hazard exists. 

Badnn dosimetry 

Radon is a naturally occurring radioactive gas, the dosinetry of which can 
vary markedly, depending on the form of radon and its progeny when Inhaled. As 
radon gas, any naterial Inhaled! is Immediately exhaled and hence deposition is 
low. Radon progeny. In contrast, are effectively metal atoms which, will 
diffuse very rapidly to attach on airborne particles, room surfaces or within 
the T3 region of the respiratory tract increasing radiation dose to the lung. 
In the presence of ETS, two conflicting mechanisms are likely to occur 
affecting dosimetry. Initially, due to increased airborne particle 
concentrations, the radOn progeny are more likely to attach to the ambient 
particulate rather than surfaces and hence the airborne concentration of 
radioactivity is likely to increase. However the particles that stay airborne 
longest (approximately 0.5 mm) coincide with the size giving minimum total lung 
deposition. Thus, attachment of the radon progeny to the ambient particulate 
may give a protective effect with respect to radiation dose. It should be 
noted!,, however, that if the ambient aerosol is principally hygroscopic, this 
will again increase TB deposition and hence, radiation' dose. Therefore, any 
estimates of risk must taken into account all of these factors. 

CONCLUSIONS 

From the examples given above for ETS and radon dosimetry it can be seen 
that a combination of many factors have to be considered when calculating the 
uptake and retention of various pollutants, and that airborne concentration 
information is simply Insufficient to properly develop population risk 
estimates. Added to this, individual differences in physique, breathing 
pattern, deposition, clearance and metabolism may also occur. These factors 
and differences in susceptibility to biological effect all have to be taken 
into account to assess individual and population risk. 
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